FIELD CHANGE REQUEST FORM

Contract No.: CTO No.: FCR No.:
NG62473-17-D-0005 N6247317F4332 | 003

Location: Date:

Hunters Point Naval Shipyard, Parcel E 03/05/2021
Document Title: NIRIS Doc. No.:

Final Sumpling and Analysis Plan Parcel £ Remedial Action, Phase 2, | 3799
Hunters Point Naval Shipyard, San Francisco, California (SAP,
Gilbane, 2019)

Description {items involved, submit sketch, if applicable

1. The parent SAP made no provision for differentiating the suite of radionuclides of concern (ROCs) to be
analyzed based on the type of sampling. In order to align with the HRA and the ROD, the SAP will be updated
as follows:

The compilete list of ROCs for Parcel E from the Record of Decision for Parcel F {ROD; Navy, 2013) shall be used
for imported fill material sampling. Site-specific ROCs as presented in Section 8.3.5.30 of the Final Historicol
Radiological Assessment, History of the Use of General Radioactive Materials, 1939-2003, Hunters Point
Shipyard {HRA; NAVSEA, 2004) and Table 1 of the Final Radivlogical Addendum to the Feasibility Study Report
for Parcel E, Hunters Point Shipyard, San Francisco, California {FS Addendum; ERRG and RSRS, 2012) as
referenced in in Section 2.1 of the ROD, shall be used for waste characterization and post-excavation
confirmation radiological sampling.

2. Radiological analyses will be transferred from Eurcofins TestAmerica 5t. Louis to the backup laboratory ARS
Aleut Analytical, LLC.

Reason for Change

The Navy seeks to spend the public’s money wisely. Sampling for every radionuclide makes sense for import
soil but not for site characterization or waste samples because the radionuclides of concern (ROCs) have
already been established at the site based on sampling for the full suite of possible radionuclides. The ROCs at
the site are a subset of the full suite of possible radionuclides as documented in the HRA and the ROD. The
parent SAP made no provision for differentiating the suite of radionuclides of concern {ROCs) to be analyzed
based on the type of sampling. In order to align with the HRA and the ROD, and fo reflect the transfer of
radiological analyses to the backup faboratory, the SAP will be updated as follows:

1. Replacement Worksheets #15.2 (confirmation sampling}, and #15.11 have been provided 1o be used in
conjunction with the SAP.

2. Replacement Worksheets #17.1 {confirmation sampling} with new text in bold italics for sections 17.4 and
17.5, #18A, #23.3, 24.2, #28.1A. #28.2A, #28 3A. #28.4A, and #30.1, laboratory standard operating
procedures, and laboratory certificates have been provided to be used in conjunction with the SAP.
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Contract No.: £T0 No.: FCR No.:
N62473-17-D-0005 N&6247317F4332 | 003
Recommended Disposition (submit sketch, if applicable}:

Not applicable.

Additional Details:
Yalidation will remain as 100% S2ZAVEM for screening datla to be performed by the Gilbane Project Chemist;
80% S2ZBVEM and 20% randomly chosen S4VEM for definitive data as described on SAP Worksheet #36.

If this change results in a contract cost or schedule change, is the NAVFAC RPM aware of it? 0 Yes 0 NAX No
If this change does not result in a contract cost or schedule change, is the NAVFAC RPM aware of the FCR
content? X Yes o No

Preparer’s Signature/Title:  Program Chemist | Date: Technical Lead Date:
A P Sy {Signature)
‘ﬁ,t&»&(’t{f% _ ~—~f;”3?fj" 3/5/2021
£ LA éf/? M 23 Ly
Disposition:
o Approved
O Mot approved {give reason} :
Engineer {signature) {if engineering Date: Project Manager [signaturg) Date:
refated}):
Brett Womack
Navy ROICC {signature) Date: QC Manager {signature) Date:
Digitally signed by Henry Ng
E’ME @ ﬁ E’y %E g Doa:t::éngmgs 0{7:51:3.0 "
MNavy RPM (signature) Date: Navy OQAD {signature) Date:
RODDY.ELIZABETH RD(ijgggl\lf)‘,Esl_i?Zr:;E:z{{ANNﬂ548029 BOWERS.KENNET g;‘{}*f;gys;gmi% A
742 OWERS. Ad230092474
ANN.1548029712 1,5 2031 03.15 09:29:47 0700 H.A 1230092474 pate 20210311 1632:1p 0500
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SAP Worksheets:
#1522 Reference Limits and Evaluation Tables
#15.11 Reference Limits and Evaluation Tables
#17.1 Sampling Design and Rationale
#18A Sampling Locations and Methods/SOP Requirements Table
#23.3 Analytical SOP References Table
#24.2 Analvtical Instrument Calibration Tabla
#28.1A Laboratory QC Sample Table
# 28.2A Laboratory QC Sample Table
#28.3A Laboratory QC Sample Table
#28.4A Laboratory QC Sample Table
#30.1 Analytical Services Table

Attachments:

Attachment 1: Laboratory Standard Operating Procedures
Attachment 2: Laboratory Certifications

Attachment 3: Informational Material

Table 1 (Final Radiological Addendum to the Feasibility Study Report for Parcel &,
Hunters Point Shipyard, San Francisco, California [ERRG and RSRS, 2012

Distribution:

FrojectFile
Copy o Site
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Project-Specific SAP Sampling and Analysis Plan
Parcel & Remadial Action Phass 2 Revision number. NA
Hunters Point Naval Shipyard Revision Date: NA
San Francisco, California

SAP Worksheet #17.1 — Sampling Design and Rationale (Continued)

17.4 Post-Excavation Radiological Characterization

Post-excavation Mulli-Agency Radiation Survey and Site Investigation Manual (MARSSIM)
surveys will not be performed in the shoreline excavation due to the saturated soil conditions;
however, ROC analyses will still be performed as part of post-excavation sampling to document
the “as-left” conditions of the excavation. Worksheet #15.2 presents the ROCs specific to IR-
03 and the Parcel E Shoreline, Redevelopment Block EOS-3 as presented in Table 1 -
Parcel E impacted Sites, Radionuclides of Concern, Historical Uses, and Planned Reuse
from the Final Radiological Addendum to the Feasibility Study Report for Parcel E, Hunters
Point Shipyard, San Francisco, California (FS Addendum; ERRG and RSRS, 2012) and
Section 8.3.5.30 of the Final Historical Radiological Assessment, History of the Use of
General Radioactive Materials, 1939-2003, Hunters Point Shipyard (NAVSEA, 2004).
Samples will be analyzed by gamma spectroscopy for Ra-226 and Cs-137. A minimum of
10 percent of the samples will be randomly selected for analysis by gas proportional
counting for total strontium. In addition, samples for which gamma spectroscopy results
indicate the presence of Cs-137 above its remediation goal also will be analyzed for total
strontium. If the total strontium result does not exceed the remediation goal, then no
further analyses will be performed. Otherwise, 8Sr-90 analysis will be performed to quantify
the Sr-90 concentration.

Rationale for the sampling strategy presented for S$r-90 is as follows: the presence of S§r-90
primarily would be attributed to fission products associated with OPERATIONS
CROSSROADS and the decontamination of ships that participated in atomic weapons
testing. Standard procedure is to analyze all samples for Cs-137. Because §r-90 and Cs-137
are both fission products that are found together, the Sr-80 analysis of a randomly-selected
10 percent of the collected samples serves as a second verification (beyond that for Cs-
137) that fission products are not present as contaminants in the material.

17.5 Import Backfill Material

Once excavation and sampling are completed, the excavation areas will be backfilled with
certified-clean imported fill materials. The backfill acceptance criteria for Parcel E, which include
the required frequency and analysis methods for characterization samples, are included in
Specification Section 31 00 00 of the RDP (specification provided as Altachment 2 of the RAWP),
and Worksheeis #15.3 through #15.11. The backfill will be composed of clean imported fill
material that has been analyzed to confirm that the malerial does not contain site-specific COCs,
ROCs, or other contaminanis above the project screening criteria, based on the nature of the
fill source in accordance with the DTSC “Information Advisory, for Clean Imported Fill Material”
(DTSC, 2001). Samples will be analyzed by gamma spectroscopy for site-specific ROCs
{Am-241, Ra-226, and Cs-137); by alpha spectroscopy for Pu-239 and U-235; and by gas
proportional counting for total strontium. If the total strontium result does not exceed the
remediation goal, then no further analyses will be performed. Otherwise, 8r-90 analysis
will be performed to quantify the Sr-90 concentration. The concentration of Ra-226 will be
inferred from the concentration of its progeny bismuth (Bi)-214 using a progeny in-growth

Page 3 DON: GLBEN-0005-4332-0046
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Project-Specific SAP Sampling and Analysis Plan
Parcel & Remadial Action Phass 2 Revision number. NA
Hunters Point Naval Shipyard Revision Date: NA
San Francisco, California

method to allow the Bi-214 to approach secular equilibrium with Ra-226. The method
requires the sample to be hermetically sealed with a 21-day (or longer} hold time before
counting. The Ra-226 results will be calculated and reported from the 46.1 percent
abundant 0.609 MeV gamma spectrum line of Bi-214 after the in-growth period of 21 days.

Page 4 DON: GLBEN-0005-4332-0046
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Revision 7.5

Effective Date: 05-28-2020

Last Reviewed: 02-08-2020

REVISION # DATE OF , , I
REVISION PURPOSE OF REVISION SECTION AFFECTED
7.5 02-09-2020 | ARS-049 and ARS-062 SOP names updated Section 2, 11, 24
7.4 (2-09-2019 | Annual Review and Formatting Entire Document
Added following to section
14.4. Print the gamma raw data, load the raw
data into the TRAX system, and store the raw data
on the appropriate computer-compatible device.
14.5. Review the data and complete the data
review checklist defined in ARS-059 Review,
Validation, and Reporting of Radiochemistry Data
7.3 (2-09-2018 | and Results. Section 14
14.6. Calculate the radioactivity of the gamma
emiters present in the sample using the TRAX
calculation system.
14.7. Deliver the data to the Senior Chemistor
designee for secondary data review. After
secondary data review, the data is delivered to
Project Management for data package generation.
7.2 02-09-2018 Added K;ertlf%ed Gamma Selll'c:es in 1'§gu11‘fd Section 10
geometries with water and selid densities.
7.3 02-09-2018 | Added “N Type” Section 8.1
7.3 072.09-2018 Added rfeferences to HASL 300 and Standard Section 2
Methods
7.3 (2-09-2018 | Changed Logo Entire Document
7.2 01-29-2018 | Annual Review None
7.1 02-06-2017 | Annual review None
7.0 04-15-2016 | Added note after Section 14.2. Section 14
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Lo SCOPE AND APPLICATION, APPLICABLE MATRICES AND DETECTION
LIMITS

1.1.  Scope and Matrices

This procedure establishes the framework and requirements for laboratory
analysis of gamma emitting radionuclides in all matrices to include but not limited
to air, soil and biota utilizing a modification to the EPA 901.1, SM 7120B, HASL
300 Ga-01-R.

1.2.  Application and Detection Limits

1.2.1.  This method describes the use of gamma spectroscopy for the
measurement of gamma photons from radionuclides without separating
them from the sample matrix

1.2.2. Because of its energy resolution advantage, an HPGe detection system is
used for measuring gamma emitting radionuclides.

1.2.3.  The method is applicable for analyzing samples that contain radionuchides
emitting gamma photons with energies ranging from about 20 to 2,600
KeV.
2.0  REFERENCES

2.1, ARS-001 Quality Assurance Manual

2.2, ARS-013 Nonconformance Reporting and Corrective Action Program

23, ARS-014 Operational QA for Radiochemistry

24,  ML-QA-002-50OP Document Control and Records Management

2.5, ARS-058 Operation of the Ortec Gamma Spectroscopy System.

2.6.  ARS-059 Review, Validation, and Reporting

2.7, ARS-060 Analytical Calculations for Radiochemistry

2.8. PALA-SR-001-SOP Sample Receiving

2.9, ARS-064 Pre-Analytical Sample Preparation

2.10.  ARS-134 Project Management Procedure

2.0, ARS-140 Limits of Detection and Quantification

2.12.  ARS-164 Operational (A for Stable Chemistry

213, HSE-001 HS&FE Manual

2.14. HSE-004 Chemical Hygiene Plan

2.15. HSE-005 Waste Handling

Page 3 of 7
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2.16.  RSP-001 Radiation Safety Plan

2.17. TNI Standard-2009 and 2016

2.18. DoD/DOE Quality Systems Manual (QSM), Final Version 5.3

2.19. OSHA Laboratory Standards Chemical Hygiene Plan 29 CFR 1910.1450
2.20. OSHA Workplace Safety Standards 29 CFR 1910,

2.21. Ortec DSPEC Pro Hardware User’s Manual, GammaVision V6 User Manual
and related documents.

2.22.  U.S. Environmental Protection Agency, Prescribed Procedures for
Measurement of Radioactivity in Drinking Water, Method 901.1, EPA-600/4-
80-032, August 1980,

b
o]
tod

“Calibration and Use of Germanium Spectrometers for the Measurement of
Gamma-Ray Emission Rates of Radionuclides”, ANSI N42.14-1999, Institute
of Electrical Engineers, Inc., May 12, 1999.

2.24. U.S. Environmental Protection Agency, National Primary Drinking Water

Regulations; Radionuclides; Final Rule. 40 CFR Parts 9, 141 and 142. (2000}
2.25.  Standard Methods for the Examination of Water and Wastewater, 20th Edition
2.26. HASL 300, EML Procedures Manual, 28th FEdition

3.0 REQUIREMENTS
3.1, Prior to the performance of this procedure all documents establishing control
and handling of the sample must be completed in full. This includes the
Chain of Custody Form.
3.2, All preparation procedures must be performed and entered into Trax for
proper calculations per ARS-060 Analytical Caleulations for Radiochemistry.

4.0 SUMMARY OF THE TEST METHOD

4.1. A homogeneous sample aliquot is put into a standard geometry for gamma
counting. The counting efficiency for this geometry must have been
determined with standard (known) radionuclide activity. Sample aliquots are
counted long enough to meet the required sensitivity of measurement.

4.2.  The gamma spectrum is printed out and/or stored in the appropriate computer-
compatible device for data processing {calculation of sample radionuclide
concentrations).

5.0  DEFINITIONS
Refer to ARS-001 Quality Assurance Manual.

Pagedof 7
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6.0 INTERFERENCES
6.1.  Sample homogeneity is important to gamma count reproducibility and
counting efficiency vahlidity.
7.0 SAFETY
Satety shall be in accordance with the following:
7.1.1. HSE-001 HS&FE Manual
7.1.2. HSE-004 Chemical Hygiene Plan
7.1.3.  ARS-001 Quality Assurance Manual
7.1.4.  RSP-001 Radiation Safety Plan
7.1.5. OSHA Laboratory Standards Chemical Hygiene Plan 29 CFR 1910.1430
7.1.6. OSHA Workplace Safety Standards 29 CFR 1910.1926

8.0 EQUIPMENT AND SUPPLIES

8.1.  Large volume (> 50 cm3) HPGe “N-Type” detector plus analyzer with at least
2,048 channels

8.2.  Standard geometry sample counting containers

9.0  GLASSWARE CLEANING
Refer to ARS-001 Quality Assurance Manual.

10.0 REAGENTS AND STANDARDS
10.1.  Certified Gamma Sources in required geometries with water and solid
densities.
11.0  SAMPLE RECEIPT, STORAGE AND TRANSFER
11.1.  Reference PALA-SR-001-SOP Sample Receiving for guidance on the sample
receiving process.
11.2. Reference ARS-005 Internal Chain of Custody for sample storage and transfer
requirements
12.0 QUALITY CONTROL
Refer to ARS-014 Operational QA4 for Radiochemistry.

13.0 CALIBRATION AND STANDARDIZATION

The HPGe detector system shall be calibrated according to ARS-001 Quality dssurance
Manual and ARS-058 Operation of the ORTEC Gamma Spectroscopy System.

Page Sof 7
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14.0

15.0

16.0

17.0

18.0

19.0

20.0

21.0

PROCEDURE
14.1. Prepare sample as prescribed in ARS-064 Pre-Analytical Sample Preparation..
14.2. Measure the weight/volume of the sample in a standard geometry {one that
has been calibrated).
Note: Samples prepared in a 250m1(8 oz.) tuna can should undergo a
twenty-one day ingrowth period prior to counting.

14.3. Place the standard geometry container {with the sample aliquot) on a shielded
HPGe and gamma count for a period of time that will meet the required
sensitivity of measurement.

14.4. Print the gamma raw data, load the raw data into the TRAX system, and store
the raw data on the appropriate computer-compatible device.

14.5. Review the data and complete the data review checklist defined in ARS-059
Review, Validation, and Reporting of Radiochemistry Data and Results.

14.6. Deliver the data to the Senior Chemist or designee for secondary data review.
After secondary data review, the data is delivered to Project Management for
data package generation.

CALCULATIONS
Refer to ARS-060 Analytical Calculations for Radiochemistry.

MDA ASSESSMENT
Refer to ARS-014 Operational Q4 for Radiochemisiry.

PRECISION AND ACCURACY

Refer to ARS-014 Operational QA for Radiochemistry and ARS-060 Analvtical
Calculations for Radiochemistry.

METHOD PERFORMANCE
Refer to ARS-001 Quality Assurance Manual.

POLLUTION PREVENTION
Refer to ARS-001 Quality Assurance Manual.

DATA ASSESSMENT AND ACCEPTANCE CRITERIA FOR QUALITY
CONTROL MEASURES

Refer to ARS-014 Operational QA for Radiochemistry.
CORRECTIVE ACTIONS FOR OUT-OF-CONTROL DATA

Refer to ARS-013 Nonconformance Reporting and Corrective Action Program.

Page 6 of 7
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22,0 CONTINGENCIES FOR HANDLING OUT-OF-CONTROL OR
UNACCEPTABLE DATA

Refer to ARS-013 Nonconformance Reporting and Corrective Action Program.

23.0 WASTE MANAGEMENT
Refer to ARS-001 Quality Assurance Manual and HSE-005 Waste Handling Procedure.

24.0 RECORDS, REPORTS, AND NOTIFICATIONS

24.1. The Laboratory Chemist performing the analysis shall be responsible for the
data entry onto appropriate ARS forms. Refer to ARS-059 Review, Validation,
and Reporting.

24.2.  The Project Manager and Laboratory Management shall ensure that the forms
are properly completed.

24.3. Records shall be controlled 1n accordance with M1-0A4-002-SOP Documeni
Control and Records Management.

250 REPORTING RESULTS
Refer to ARS-059 Review, Validation and Reporting.
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ARS.026
Revision: 15.2

Effective Date: 05-20-2020
Last Reviewsd: 01-25-2020

REVISION #

DATE OF

REVISION PURPOSE OF REVISION SECTION AFFECTED
15.2 01-25-2020 | Updated SOP names for ARS-049 and ARS-062 Section 2, 11, 24
15.2 01-25-2020 | Updated methods to show HASL 300 Cover Page
15.1 01-23-2019 | Annual Review and Formatting Entire Document and Section 14
15.0 (2-09-2018 | Add steps for current acid digestion Section 14.2.2
15.0 02-09-2018 | Changed Logo Whole Document
Added “This method also includes modifications
15.0 072.09-2018 fgr other m:’jtraces including soil, vegetation, and Section 1.1
filter material.
15.0 02-09-2018 | Added references to HASL 300 Section 2
15.0 02.09-2018 E,)e?eted Vacuum Box System from Reagents, it is Section 10
listed under Equipment.
15.0 02-09-2018 | Added “Ensure original volume is documented.” Section 14.2
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1.0 SCOPE AND APPLICATION, APPLICABLE MATRICES AND BETECTION

LIMITS
1.1.  Scope and Matrices
This procedure establishes the framework and requirements for a laboratory
method for separation and measurement of Americium, Plutonium and Uranium
in water as prescribed in the Eichrom Industrics Analytical Procedure Eichrom
ACWO3. This method also includes modifications for other matrices including
soil, vegetation, and filter material.
1.2.  Applicable Matrices and Detection Limits
1.2.1.  This method is applicable to all matrices to include but not limited to
water, soil, and vegetation.
1.2.2.  With the assumption of a 12 hour count time and a 1 liter sample for
liquids and 0.5 gram sample for solids the following detection limits can
be obtained: For Uranium Liquids = 0.0315 pCi/L and Solids = 0.0629
pCi/g. For Plutonium Liquids = 0.0064 pCy/L and Solids =0.0129
pCi/g. For Americium Liquids = 0.0659 pCi/L and Solids = 0.1317
pCi/g.
2.0 REFERENCES
2.1, ARS-001 Quality Assurance Manual
2.2, ARS-005 Internal Chain of Custody
2.3,  ARS-013 Nonconformance Reporting and Corrective Action Program
2.4, ARS-014 Operational QA for Radiochemistry
2.5,  ARS-036 Sample Microwave Digestion
2.6.  ML-QA4-002-80F Document Control and Records Management
2.7.  ARS-051 Operation of the ORTEC Alpha Spec
2.8, ARS-053 Operation of CANBERRA Alpha Spec
2.9,  ARS-059 Review, Validation, and Reporting
210, ARS-060 Analytical Calculations for Radiochemistry
211, ARS-134 Project Management Procedure
212, HSE-001 HS&FE Manual
213, HSE-004 Chemical Hygiene Plan
214, HSE-005 Waste Handling
2.15.  RSP-001 Radiation Safety Plan
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2.16. TNI Standard-2009 and 2016

2.17.  DoDV/DOE Quality Systems Manual (QSM), Final version 5.3

2.18. OSHA Laboratory Standards Chemical Hygiene Plan 29 CFR 1910.1450
2.19. OSHA Workplace Safety Standards 29 CFR 1910.1926

3.0 REQUIREMENTS

3.1.  Prior to the performance of this procedure all documents establishing control and
handling of the sample must be completed in full.

3.2, The analyst performing the procedure shall have completed a current
Demonstration of Capability {DOC) or shall be under the direct supervision of an
analyst with a current DOC.

4.0 SUMMARY OF THE TEST METHOD

4.1.  This method is a rapid, reliable method for measurement of actinides in water
samples that is more cost-effective and efficient than traditional ion exchange,
solvent extraction and precipitation techniques.

4.2.  Americium, plutonium and uranium are separated by Eichrom resins prior to
measurement by alpha spectrometry. A calcium phosphate precipitation technique
can be used to concentrate and remove actinides from water samples. Tracers are
used to monitor chemical recoveries and correct results fo improve precision and
accuracy.

5.0 DEFINITIONS
Refer to ARS-001 Quality Assurance Manual.

6.0 INTERFERENCES

6.1.  Actinides with unresolvable alpha encrgies such as Am-241 and Pu-238 or Np-
237 and U-234 must be chemically separated to enable measurement. This
method separates these isotopes effectively.

6.2.  Very high levels of phosphate in the sample may cause interference. Adjusting the
amount of phosphate added to coprecipitate the actinides might be necessary in
these cases.

6.3.  Po-210 has an alpha energy similar to U-232. This method will achieve adequate
decontamination of Po in the U fraction for samples with moderate levels of Po-
210. However, for samples containing very high levels of Po-210 {e.g.,
environmental samples with the natural uranium decay chain intact, or dissolved
air filter samples} an additional column rinse 1s recommended.
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7.0 SAFETY
Safety shall be in accordance with the following:
1.1.1. HSE-001 HS&E Manual
1.1.2. HSE-004 Chemical Hygiene Plan
1.1.3. ARN-001 Quality Assurance Manual
1.1.4. RSP-001 Radiation Safety Plan
1.1.5. OSHA Laboratory Standards Chemical Hygiene Plan 29 CFR 1910.1450
1.1.6. OSHA Workplace Safety Standards 29 CFR 1910.1926

8.0 EQUIPMENT AND SUPPLIES

8.1.
8.2.
8.3.
8.4.
8.5.
8.6.

8.7.
8.8.

8.9.

5.10.

8.11

8.13

Analytical balance - 0.0001 g sensitivity

Centrifuge

Centrifuge tubes

Column rack - Eichrom part number AC-103.

Column reservoirs - 25 mL., Eichrom part number AC-120.

Electrodeposition cell assembly- consisting of disposable plastic vial, cap assembly
containing stainless steel for plating planchet (cathode) and Teflon cover with
platinum electrode (anode).

Engraver to engrave stainless steel discs

Filter apparatus- Gelman apparatus 0.1 micron with 25 mm filters with
polycarbonate base and metal screen, polysulfide funnel and 100 mL polypropylene
flask..

Filter- 0.45 micron

Fume hood

. Glue stick or double sided tape

8.12.

Hotplate

. Low background alpha counter
8.14.
8.15.
8.16.
8.17.
8.18.

Stirring glass rods

Plastic Millipore Petrt dishes, 5-1/2 x 1 cm
Stainless steel planchets- ¥ inch diameter, flat
Stainless steel tweezers

Pump suggested- dry pump with 115 V, 60 Hz Fisher catalog no. 01-094-22 or
house vacuum (see 8.5 ordering from outside the USA)
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8.19. Tips, white inner, Eichrom part number AC-1000-1T
8.20. Tips, yellow outer, Eichrom part number AC-1000-0T
8.21. Vacuum Box, Eichrom part number AC-24-BOX

8.22. Vortex mixer

9.0 GLASSWARE CLEANING
Refer to ARS-001 Quality Assurance Manual.

10.0 REAGENTS AND STANDARDS

All chemicals should be of “reagent-grade” or equivalent whenever they are
commercially available.

10.1.  Unless otherwise indicated, all references to water should be understood to mean
deionized distilled water.

10.2.  Acetone
10.3.  Ammonium Hydrogen Oxalate (0.1 M) - Dissolve 6.31 grams of H,C,04¢2H,0

{Oxalic Acidyand 7.11 grams of (NH4»Cr04eH,O (Ammeonium Oxalate) in 900
ml of water, and dilute to 1 L with water.

10.4.  Ammonium Hydrogen Phosphate (3.2 M) - Dissolve 104 grams of (NH ), HPO, in
200 mL of water, heat gently to dissolve, and dilute to 250 mL with water

10.5.  Ammonium Hydroxide (5§ wt %} - Dissolve 50 grams of Ammonium Hydroxide
in 950 grams of water.

10.6.  Ammontum Hydroxide (15N} - Concentrated (sp grade 0.9).

10.7.  Ammonium Oxalate plating solution (20 g/L)- Dissolve 5 grams of Ammonium
Oxalate Hydrate in 250 mL of water.

10.8.  Ammonium Thiocyanate Indicator (1M} - Dissolve 7.6 grams of Ammonium
Thiccyanate in 90 mL of water and dilute to 100 mL with water.

10.9.  Appropriate amounts of the correct tracers (Am-243, Pu-242, U-232)

10.10. Ascorbic Acid (1 M)-Dissolve 17.6 grams of Ascorbic Acid in 90 mL of water
and dilute to 100 mL with water. Prepare weekly.

10.11. Calcium Nitrate (1.25 M) - Dissolve 51 g of Ca (NOs), in 100 mL of water and
dilute to 250 mL with water.

16.12. Ethanol, 80%- Add 80 mL e¢thanol to 20 mL water.

10.13. Ferrous Sulfamate solution (0.6 M)- Add 57 g of NH,S0;H (Sulfamic Acid} to
150 mL of water, heat to 70° C, add 7 ¢ of iron powder (< 100 mesh size) in small
mcrements until dissolved, filter (Whatman #4 suggested), transfer to flask and
dilute to 200 mL with water. Prepare new batch weekly.
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10.14.
10.15.

10.16.

10.17.

10.18.

10.19.
10.20.
10.21.
10.22.

10.23.

10.24.

10.25.

10.26.

16.27.

10.26.

10.29.

10.30.

10.31.
10.32.

Hydrochloric Acid (12 M) - concentrated HCI (sp gr 1.19).
Hydrochloric Acid (4 M} - Add 333 mL of concentrated HCI (sp gr 1.19) to 500
mL of water and dilute to 1 L with water.

Hydrochloric Acid (4 M) - Hydrofluoric Acid (0.2 M) - Add 333 mL of
concentrated HCl (sp gr 1.19) and 7.2 mL of concentrated HF (sp gr 1.2) 10 500
mL of water and dilute to 1 L with water.

Hydrochloric Acid (5§ M) - Oxalic Acid (0.05 M) solution- Dissolve 6.3 grams of
Oxalic Acid dihydrate in 400 mL water. Add 417 mL concentrated HCI (sp gr
1.19}. Cool to room temperature and dilute to 1 L with water.

Hydrochloric Acid (9 M} - Add 750 mL of concentrated HCI (sp gr 1.19} to 100
ml. of water and dilute to 1 L with water.

Hydrofluoric Acid (28 M} - concentrated Hydrofluoric Acid (sp gr 1.2)
Hydrogen Peroxide (30%) - H,O,

Nitric Acid (15.7 M) - concentrated HNO; (16N ¥sp gr 1.42)

Nitric Acid (3 M)- sodium nitrite (0.1 M) solution- Add 48 mL of concentrated
HNO; (sp gr 1.42) to 175 mL of water, dissolve 1.72 grams of Sodium Nitrite in
the solution and dilute to 250 mL with water. Prepare fresh daily.

Nitric Acid (3 M)~ Aluminum Nitrate (1.0 M) solution- Dissolve 212 grams of
Anhydrous Aluminum Nitrate in 700 mL of water, add 191 mL of concentrated
HNO; (sp gr 1.42) and dilute to 1 L with water.

Nitric Acid solution (3 M) - Add 191 mL of concentrated HNO; (sp gr 1.42) to
700 mL of water and dilute to 1 L with water.

Phenolphthalein solutions - dissolve 1 g phenolphthalein in 100 mL 95%
Isopropyl Alcohol and dilute with 100 mL of water.

Potassium Hydroxide (25 wt %) - Dissolve 250 grams of Potassium Hydroxide in
750 grams of water.

Sodium Hydrogen Sulfate (5 wt %) - Dissolve 50 grams of Sodium Hydrogen
Sulfate in 950 g of water.

Sodium Sulfate (15 wt %) - dissolve 150 g of Sodium Sulfate in 850 grams of
water.

Sulfuric Acid (HySO4) (1.8M) — add 10 ml. Conc. H,SO4 to 75 ml of water. Bring
to 10 ml. with water.

Hydrochloric Acid (0.01 M} - Add 0.8 mL of concentrated HCI (sp gr 1.19) to
900 mL of water and dilute to 1 L with water.

UTEVA Resin- 2mL cartridge, 50-100u , part number UT-R50-5 and UT-R200-S
TRU Resin- 2mL cartridge, 50-100y, part number TR-R50-S and TR-R200-S
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11.0 SAMPLE RECEIPT, STORAGE AND TRANSFER
11.1.  Referto PALA-SR-001-SOFP Sample Receiving for guidance on the sample
receiving process.
11.2. Referto ARS-005 Internal Chain of Custody for sample storage and transfer
requirements.
12.0 QUALITY CONTROL
Refer to ARS-014 Operational QA for Radiochemistry.

13.0 CALIBRATION AND STANDARDIZATION

13.1.  Calibration and Standardization can be found in ARS-051 Operation of the
ORTEC Alpha Spectroscopy System and ARS-53 Operation of the Canberra
Alpha Spectroscopy System.

14.0 PROCEDURE:

14.1. For matrices other than water, ensure the proper digestion has been
performed according to ARN-064 & ARS-036. Then proceed with the
appropriate steps in this procedure,

14.2. Ensure all the required tracers have been added prior to performing the
procedure; for soils, prior to digestion and for waters, following 5tep 14.3.5
or Step 14.3.6 depending on sample size.

14.3. Water Sample Preparation:

14.3.1. If sample has not been previously acidified, acidify the sample to pH 2, with
concentrated HNO3 (sp gr 1.42) (0.6 mL per 1000 mL) and wait at least 16
hours before preparing sample.

14.3.2. If the client request filter analysis, then filter the sample through a 0.45-micron
filter.

14.3.3. Aliquot 500 to 1000 mL of the sample (or enough to meet required detection
limit) into an appropriate size beaker.

14.3.4. Add appropriate amount of the correct tracers.

NOTE: For samples greater than 100 mL use Step 14.3.5 and for samples
fess than 180 mL use Step 14.3.6.

14.3.5. Calcium phosphate precipitation option: (greater than 100 ml of sample)
14351, Add 0.5 mL of 1.25 M Ca(INOs); to each beaker.
14.3.5.2. Place each beaker on a hot plate.
14.3.5.3.  Cover each beaker with a watch glass.
14.3.54.  Allow the samples to heat until boiling.
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14.3.5.5. Once the samples boil, take the watch glass off the beaker and turn
the heat down.

14.3.5.6.  Add 2-3 drops of phenolphthalein indicator and 200 pl of 3.2 M
(NH,),HPO, solution.

14.3.5.7. Add enough concentrated NH,OH with a squeeze bottle to reach the
dark pink phenolphthalein end point and form Cay{POy); precipitate.
NH,OH should be added very slowly. Stir the solution with a glass
rod. Precipitate should aggregate and settle.

14.3.5.8.  If'the sample volume 1s too large to contrifuge the entire sample,
allow precipitate to settle until solution can be decanted (30 minutes
to 2 hours) and proceed to Step 14.3.5.14.

14.3.59. If'the volume is small enough to centrifuge, then proceed to Step
14.3.5.11.
14.3.5.10. Decant supernatant and discard to waste.

14.3.5.11. Transfer the precipitate to a centrifuge tube and centrifuge the
precipitate for approximately 10 minutes at 2000 rpm.

14.3.5.12. Decant supernatant and discard to waste. If ammonia odor is
present, add 20 mL of DI water, vortex, and centrifuge. Decant this
supernatant and discard to waste, then proceed to Step 14.5.1.

14.3.6. Evaporation option to reduce volume: {less than 100 ml of sample)

14.3.6.1. Evaporate sample to less than 50 mlL and transfer to a 100 mL
beaker.

MNOTE: For some water samples, calcium sulfate formation may
occur during evaporation. If this occurs, use the calcium
phosphate precipitation option in Section 14.1.5,

14.3.6.2. Gently evaporate the samiple to dryness and redissolve in
approximately 5 mL of concentrated HNGO; (sp gr 1.42).

14.3.6.3. Repeat Step 14.3.6.2 two more fimes, and evaporate to near
dryness, then proceed to Step 14.5.1.

14.4. Soil Sample Preparation
14.4.1. Microwave Digestion

14.4.1.1. Weigh 1 gram or put enough in the weigh boat, medicine cup, or
appropriate container to meet the required detection limit.

14.4.1.2. Blank: Use acid washed sand and aliquot mass matching largest
aliquot in the batch.
14.4.1.3.  Add appropriate amount of the correct tracers.
14.4.1.4.  Add 9 mL 16N {conc.) HNO3, 3 mL of 28M (conc.) HF, and 2 mL
of 12ZM {conc.) HCL

NOTE: Samples that are high in organic content or other
reactive materials can cause vessel to blow up if samples
are not given time to react.
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14.5.

14.4.2.

14.4.1.5. Microwave samples or perform hot plate digestion according to
procedure ARS-036 Sample Digestion.

14.4.1.6. Allow samples to cool upon completion of digestion.

14.4.1.7. Filter samples into a clean centrifuge tube using a Whatman 42
filier. Rinse beaker with concentrated nitric acid and filter as well.

14.4.1.8. Pour filtered samples into clean beakers

14.4.1.9. Place the samples on a hot plate and evaporated to dryness.

14.4.1.10. Convert samples by adding 5 mL of 16N {conc.) HNO3 to dried

material. Repeat this step three (3) times, then proceed to Step
14.5.2 for Seils.

Hotplate Acid Digestion

14.42.1. Weigh | gram of sample into weight boat, medicine cup, or
appropriate container.

14.4.2.2.  Record sample aliquot in Trax.

14.4.2.3.  Transfer sample to Teflon beaker.

14.4.2.4.  Add appropriate amount of the correct tracers.

14.4.2.5.  Add 10 mL of 16N HNOs(conc.), 3 mL of 28M HF(conc.}, and 2
mL of 12ZM HCL (conc.).

14.4.2.6.  Place beaker on hotplate for two hours set at 200C and cover with a
Teflon watch glass.

14.4.2.7.  After two hours, remove sample from hotplate and allow to cool.
Filter samples through Whatman 42 air filter

14.4.2.8. Rinse empty beaker and filter with 16N HNO,.
14.4.2.9.  Transfer filtrate to clean Teflon beaker and evaporate to dryness.

14.4.2.10. Once dry, add SmL of 16N HNO; and evaporate to dryness.
Repeat this Step two maore times, then proceed to Step 14.5.2 for
Soils.

Actinide Separations using Eichrom Resins

14.5.1.

14.5.2.

h

14.5.3.

14.5.4.

14.5.5.

Re-dissolve caleinm phosphate residue or evaporated water sample
(14.5.1 Step is only for Waters and for Soils proceed to Step 14.5.2)

Dissolve precipitate or residue from evaporationin 10 mL 3 M HNO;-1.0 M
ANNOs);.

If full dissolution is not achieved, then add 5 additional ml. of 3M HNO,-1.0M

Add 2 mL of 6.6 M Ferrous Sulfamate to each solution. Swirl to mix.

NOTE: If the additional 5 mL was used to dissolve the sample in Step
14.5.3, add a total of 3 mL of Ferrous Sulfamate solution,

Add 1 drop of | M Ammonium Thiocyanate indicator to cach sample and mix.
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NOTE: The color of the solution turns deep red, due to the presence
of iron in Fe™ state.

14.5.6. Add 1 mL of 1 M ascorbic acid to each solution, swirling to mix. Wait for at least
2-3 minutes before proceeding to the next step.

NOTE: The red color should disappear which indicates reduction of
Fe™ to Fe'*. If the red color still persists, then additional ascorbic
acid solution should be added drop-wise with mixing until the red
color disappears.

MNOTE: If particles are observed suspended in the solution, centrifuge
the sample. The supernatant will be transferred to the column in Step
14.5.8.1. The precipitates will be discarded.

14.5.7. Setup of UTEV A and TRU cartridges in tandem on the vacuum box system

14.5.7.1. Place the inner tube rack {(supplied with vacuuun box) into the vacuum
box with the centrifuge tubes in the rack. Fit the lid to the vacoum
system box.

14.5.7.2.  Place the vellow outer tips into all 24 openings of the lid of the
vacuum box. Fit in the inner white tip into each yellow tip.

14.5.7.3.  For each sample solution, fit in the TRU cartridge on to the inner
white tip. Luer lock the UTEVA cartridge to the top end of the TRU
cartridge.

14.5.7.4.  Luer lock syringe barrels (funnels/reservoirs) to the top end of the
UTEVA cartridge.

14.5.7.5.  Connect the vacuum pump to the box. Turn the vacuum pump on and
ensure proper fitting of the lid.

IMPORTANT: The unused openings on the vacuum box
should be sealed. Yellow caps (included with the vacuum
box) can be used to plug unused white tips to achieve good
seal during the separation.

14.5.7.6.  Add 5 mL of 3M HNO; to the funnel to precondition the UTEVA and
TRU cartridges

14.5.7.7.  Adjust the vacuum pressure to achieve a flow-rate of at most 3
drops/sec.

IMPORTANT: Unless otherwise specified in the procedure,
use a flow rate of 1 mL/min for load and strip solutions and
3 mL/min for rinse solutions,

14.5.8. U separation from Pu, Am using UTEVA and TRU Resin

14.5.8.1. Transfer each sample into the appropriate funnel by pouring or by
using a plastic transfer pipette. Allow solution to pass through both
the cartridges at a flow rate of about | drop/sec.
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14.5.8.2. Add 5 mL of 3 M HNO; to rinse to each beaker and transfer each
solution into the appropriate funnel (the flow rate can be adjusted to at
most 3 drops/sec)

14.5.8.3.  Add 10 mL of 3 M HNO; into each funnel and discard eluent. Flow
rate should be at most 3 drops/sce.

14.5.8.4. Separate UTEVA cartridge from TRU cartridge. Place new funnel on
the TRU cartridge. For uraniuom separation with UTEVA cartridge,
continue with steps 14.5.8.5 through 14.5.8.10. For Americium and
Pluatonium proceed to Step 14.5.9.

14.5.8.5. Place UTEVA cartridge along with the funnel on a new opening on
the vacuum box lid.

NOTE: If a high level of Po-210 is present in the sample
then an additional 3M HNO; rinse is necessary to eliminate
Po-210. Add 30 mL of 3 M HNO; rinse to each UTEVA
cartridge in increments of 10 mL, then continue to step
14.5.8.6

14.5.8.6. Pipette 5 mL of 9 M HCl into each UTEVA cartridge and allow to
drain. Flow rate should be at most 3 drops/sec. Discard this rinse.

MNOTE: This rinse converts the resin to the chloride
system. Some Np may be removed here.

14.5.8.7. Pipette 20 mL of 5 M HCl- 0.05 M oxalic acid into each UTEVA
cartridge and allow it to drain. Flow rate should be at most 3
drops/sec. Discard this rinse.

NOTE: This rinse removes neptunium and thorium from
the cartridge. The 9 M HCl and 5 M HCI- 0.05 M oxalic acid
rinses also remove any residual ferrous iron that might
interfere with electro-deposition.

14.5.8.8. Ensure that clean, labeled tubes are placed in the tube rack.

14.5.8.9. Pipette 15 mL of 0.01 M HC! into each cartridge to strip the Uranium.
Elute Uranium at about 1 drop/sec.

14.5.8.10. Transfer to clean beaker.
14.5.8.11. Evaporate to dryness for electro-deposition.
14.5.9. Pu, Am Separation Using TRU cartridge
14.5.9.1. Pipette S mL of 3 M HNQO; into each TRU cartridge.

14.5.9.2. Pipette 10 mL of 3 M HNO;- 0.1 M NalNO, directly into each
cartridge, rinsing each cartridge reservoir while adding the 3 M
HNG;- 0.1 M NaNG,. IMPORTANT: The flow rate for the cartridge
should be adjusted to at most 3 drops/sec.

. ; ~ . o, ® . o g +3 +4
NOTE: Sodium nitrite is used to oxidize Pu ~ to Pu  and
enhance the Pu/Am separation.
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14.5.9.3. Allow the rinse solution to drain through each cartridge.
14.5.9.4. Discard the load and rinse solutions to waste.

14.5.9.5.  Ensure that clean, labeled tubes are placed in the tube rack.
14.5.9.6. Americium Elution

14.5.9.6.1. Add 20 mL of 4 M HCl to clute americium. Collect
eluate in same tube. Elute at rate of about 1 drop/sec.

14.5.9.6.2. Transfer eluate to a beaker.
14.5.9.6.3. Evaporate samples to near dryness.
DO NOT BAKE THE RESIDUE.

14.5.9.64. For electrodeposition proceed to Section 14.6.

14.5.9.7. Plutonium Elution

14.5.9.7.1.  Rinse the cartridge with 12 mL of 4 M HCI- 0.2 M HF.
Flow rate should be at most 3 drops/sec.  Discard eluate.
NOTE: 4M HCH 0.2 M HF is used to
selectively remove any residual Th that may be
present on the TRU cartridge and leave the Pu.

14.5.9.7.2. Ensure that clean, labeled tabes are placed in the tube
rack under each cartridge.

145973, Add 10 mL of 0.1 M NHHC,0, (Ammonium Hydrogen
Oxalate) to elute plutonium from each cartridge. Elute
at rate of about 1 drop/sec.

14.5.9.7.4.  Transfer eluate to clean beaker

14.5.9.7.5.  Evaporate to near dryness for electrodeposition.

14.6. FElectrodeposition

NOTE: Electrodeposition using a sulfate system is described below.

14.6.1. Inscribe a ¥ inch stainless steel planchet with sample number, radionuclide, and
plating date. Wipe clean with acetone.

14.6.2. Assemble the planchet in the cell as the cathode and rinse the cell several times
with water.

14.6.3. Test cell for leaks:

14.6.3.1.  Wipe the outside of the assembled cell dry, add water to each cell and
allow to stand 30 minutes to check for leaks.

14.6.3.2. 1If a leak is found, retighten the cap assembly and observe.

14.6.3.3.  Ifthe leak is still present, disassemble the cell, clean all surfaces with
acetone and then water, reassemble cell and test again.

14.6.3.4. If the cell continues to lealk, replace the plastic vial and cap, and test
again.
14.6.4. Add 2.5 mL of 5 wt % NaHS0,, 2 mL of water and 5 mL 15 wt % Na,S50, to

each evaporated actinide solation and heat each solution using a hotplate.
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14.6.5. Transfer cach electrolyte solution from Step 14.6.4 to a cell using 3 rinses of |
mL water, adding the rinses to the cell.

14.6.6. Add | mL of ammonium oxalate plating solution to each cell.

14.6.7. Insert the platinum anode into the solution and connect the electrodes to the
current source.

14.6.8. Tum on the power, adjust current to 0.5 A and electrodeposit for 5 minutes.

14.6.9.  Adjust current to 0.75 A and electrodeposit for at least 90 minutes. For
Americium samples, keep the current at 0.5 A and electrodeposit for at least 150
minutes (2.5 hours).

14.6.10. Add 2 mL of 25 wt % KOH drop wise to stop the reaction, continuing
deposition for | minute after the KOH addition.

14.6.11. Turn off power, remove electrodes and decant electrolyte to waste.
14.6.12. Wash each cell three times with 2 mL of 5 wt % NH,OH.

14.6.13. Remove each planchet and rinse with a small volume of 5 wt % NH,OH, then
with ethanol and finally acetone.

14.6.14. Dry each planchet on a hot plate for 5 minutes and allow to cool.
14.6.15. Store each planchet in a covered, labeled Petri dish.

14.6.16. Measure planchet using alpha spectrometry.

15.0 CALCULATIONS
Refer to ARS-060 Analytical Calculations for Radiochemistry.

16.0 MDA ASSESSMENT
Refer to ARS-060 Analytical Calculations for Radiochemistry

17.6 PRECISION AND ACCURACY

17.1. Precision- A relative standard deviation of 9% at the 12.7 dpm level has been
reported for uranium. A relative standard deviation of 4% at the 9.4 dpm level has
been reported for plutonium. A relative standard deviation of 7% at 6.52 dpm
level has been reported for americium.

17.2.  Bias- Mean chemical recoveries of 81% for americium, 76% for plutonium and
81% for uranium have been reported. Since results are corrected based on spike
recovery, no significant bias exists for the method.

17.3. Referto ARS-014 Operational (A4 for Radiochemistry and ARS-060 Analytical
Calculations for Radiochemistry.

18.0 METHOD PERFORMANCE
Refer to ARS-001 Quality Assurance Manual.
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15.0 POLLUTION PREVENTION
Refer to ARS-001 Quality Assurance Manual.

20.0 DATA ASSESSMENT AND ACCEPTANCE CRITERIA FOR QUALITY
CONTROL MEASURES

Refer to ARS-014 Operational QA for Radiochemistry.

21.0 CORRECTIVE ACTIONS FOR OUT-OF-CONTROL DATA

Refer to ARS-013 Nonconformance Reporting and Corrective Action Program.

22.0 CONTINGENCIES FOR HANDLING OUT-OF-CONTROL OR
UNACCEPTABLE DATA

Refer to ARS-013 Nonconformance Reporting and Corrective Action Program.

23.0 WASTE MANAGEMENT
Refer to ARS-001 Quality Assurance Manual and HSE-005 Waste Handling.

24.0 RECORDS, REPORTS, AND NOTIFICATIONS

24.1. The Laboratory Technician performing the analysis shall be responsible for the
data entry onto appropriate ARS forms. Refer to ARS-059 Review, Validation and
Reporting.

24.2. The Project Manager, Quality Assurance Manager and Laboratory Director shall
ensure that the forms are properly completed.

24.3. Records shall be controlled in accordance with ML-(A4-002-5SOP Document
Control and Records Management.

25.0 REPORTING RESULTS

Refer to ARS-059 Review, Validation and Reporting.

26.0 BIBLIOGRAPHY
26.1. HASL 300, EML Procedures Manual, 28th Edition
26.2. Fichrom Technologies LLC, Method ACWO03, May 2014
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1.0 SCOPE AND APPLICATION, APPLICABLE MATRICES AND DETECTION
LIMITS

L1

Scope and Matrices

This procedure establishes the framework and requirements for a
laboratory method for separation and measurement of Strontium-89/90
using Sr Resin as prescribed in the Eichrom Technologies Analytical
Procedure SRW-01, EPA 905.0. 905.0 Mod & HASL 300 Sr-01-RC..

1.2.  Application and Detection Limits
1.2.1. This procedure is applicable to all matrices to include but not limited to
water, soil, and vegetation
1.2.2.  With the assumption of a 12 hour count time and a 1 liter sample for
Hguids and 0.5 gram sample for solids the following detection limits can
be obtained: Liquids = 0.1993 pCy/L and Solids = 0.3985 pCv/z.
However, typical counting times are 2 hours or dependent on client
specific required detection limuts.
2.0 REFERENCES

2.1, ARS-001 Quality Assurance Manual

2.2, ARS-013 Nonconformance Reporting and Corrective Action Program

2.3, ARS-014 Operational Quality Assurance for Radiochemistry

2.4, ML-QA4-002-SOP Document Control and Records Management

2.5 ARS-059 Review, Validation, and Reporting

2.5, ARS-060 Analvtical Calculations for Radiochemistry

2.6.  ARS-134 Project Management Procedure

2.7.  PALA-SR-001-SOP Sample Receiving

2.8, HSE-00] HS&E Manual

2. HSE-004 Chemical Hygiene Plan

2.10.  HSE-005 Waste Handling

2.11.  RSP-001 Radiation Safety Plan

2.12. 'TNI Standard- 2009 and 2016

2.13.  DoD/DOE Quality Systems Manual (QSM), Final version 5.3

2.14.  OSHA Laboratory Standards Chemical Hygiene Plan 29 CFR 1910.1450

2.15. OSHA Workplace Safety Standards 29 CFR 1910.1926
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2.16. U.S. Environmental Protection Agency, Prescribed Procedures for Measurement of
Radioactivity in Drinking Water, Method 900.0, EPA-600/4-80-032, August 1980,
{(sce pp 1-10)

2.17.  American Public Health Association, Standard Methods for the Examination of Water
and Wastewater, 21% Edition, Method 71108B.

2.18.  US. Environmental Protection Agency, Test Methods for Evaluating Solid Wastes,
Physical/Chemical Methods, SW-846, Method 9310, Third Edition.

2.19.  Code of Federal Regulations, 40 CFR Section 141.25 “dnalytical methods for
radioactivity”.

3.0 REQUIREMENTS

3.1. Prerequisites

Prior to the performance of this procedure all documents establishing control and
handling of the sample must be completed in full. This includes the ARS Chain of
Custody Form.

The analyst performing the procedure shall have completed a current Demonstration of
Capability {DOC) or shall be under the direct supervision of an analyst with a current
DOC.

4.0 SUMMARY OF THE TEST METHOD

4.1.  Radioactive strontium is separated using Sr Resin prior to gas proportional
counting. Cation exchange resin is used to concentrate strontium and other
cationic species from samples. Stable strontium is used to monitor method vields
and correct results to improve precision and accuracy.

5.0 DEFINITIONS
See ARS-001 Quality Assurance Manual.

6.0 INTERFERENCES
6.1.  The presence of more than approximately 0.1mg of elemental strontium in the
sample will lead to positive bias in the gravimetric vield determination. This
procedure addresses the determination of indigenous strontium, if there are

mdications that a significant amount of natural strontium is present in the sample.

6.2.  Strontium must be separated from interfering isotopes of other elements to enable
measurement by beta counting.
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6.3.

6.4.

7.0 SAFETY

Sr Resin with an 8M HNQO; load solution is used to effectively remove barium-
140 and potassium-40 isotopes as well as other matrix interference’s.

Tetravalent plutonium, neptunium, cerium and ruthenium are not removed using
nitric actd. When appropriate, these 1sotopes are effectively removed by
including an additional rinse of approximately four free column volumes of 3M
HNO3-0.65M oxalic acid.

Safety shall be in accordance with the following:

7.1.
7.2.
7.3.
7.4.
7.5.

HSE-001 ARS Safety Plan

HSE-004 Chemical Hygiene Plan

RSP-001 ARS Radiation Safety Plan

OSHA Laboratory Standards Chemical Hygiene Plan 29 CFR 1910.1450
OSHA Workplace Safety Standards 29 CFR 1910.R1926

B0 EQUIPMENT AND SUPPLIES

8.1
8.2.

8.3
8.4.
8.5
8.6.
8.7.
8.8.
8.9.

8.10.
8.11.
8.12.

Gas tlow proportional low beta counter

Column rack — Eichrom part number AC-103 or equivalent or vacuum box
assembly

Column reservoirs - 250 mL to 1 liter volume.

Column reservoirs - 25 mL, Fichrom part number AC-120 or equivalent.
Counting dishes - 50.8 mm diameter, 6.4 mm deep, flat bottom, cupped planchet
Planchets, stainless steel - 27 diameter

Heat lamp

Hot plate

Ion exchange columns - 1 to 1.5 cm diameter, 10 mi resin volume

Liquid scintillation vials, glass, 20 mL

Plastic bottle - | liter

Volumetric flask - 1 liter

9.0 GLASSWARE CLEANING
See ARS-001 Quality Assurance Manual.

10.0 REAGENTS AND STANDARDS

All chemicals should be of "reagent-grade” or equivalent whenever they are
commercially available.
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11.6

12.0

10.1.  Cation exchange resin - C8-B500-M-H, hydrogen form or equivalent, 160 to 200
mesh - available from Eichrom.

10.2. Ethyl alcohol - USP, 100%

10.3. Nitric acid (15.7M) - concentrated nitric acid (sp gr 1.42)

10.4. Nitric acid (3M) - Add 191 mL of concentrated HNO3 (sp gr 1.42) to 800 mL of
water and dilute to 1 liter with water.

10.5.  Nitric acid (3M) - oxalic acid solution (0.05M) - Add 191 mL of concentrated
HNO3 (sp gr 1.42) and add 6.3 grams of oxalic acid dihydrate to 800 mL of water
and dilute to 1 liter with water.

10.6.  Nitric acid solution (0.05M) - Add 3.2 mL of concentrated nitric acid (sp gr 1.42)
to 900 mL of water and dilute to 1 liter with water.

10.7. Nitric acid solution (0.1M) - Add 6.4 mL of concentrated nitric acid (sp gr 1.42)
to 900 mL of water and dilute to 1 liter with water.

10.8. Nitric acid solution {(8M) - Add 510 mL of concentrated nitric acid (sp gr 1.42) to
400 mL of water and dilute to 1 liter with water.

10.9.  Sr Resin— 0.7 grams resin in prepacked columns, or small particle size (50-100 u
m) in appropriate size column. Pre-packed cartridges may also be used.

10.10. Strontium (Sr) carrier (5 mg/mL), gravimetric - Dissolve 12.1 grams Sr{NO3); in
water and dilute to 1 liter with water.

SAMPLING COLLECTION, PRESERVATION, SHIPMENT AND STORAGE

11.1. A representative sample must be collected from a free-tlowing source of drinking
water, and should be large enough so that adequate aliquots can be taken to obtain
the required sensitivity.

11.2. It is recommended that samples be preserved at the time of collection by adding
sample is usually sufficient). If samples are to be collected without preservation,
they should be brought to the laboratory within 5 days, then preserved and held in
the original container for a minimum of 16 hours before analysis or transfer of the
sample.

11.3.  The container choice should be plastic over glass to prevent loss due to breakage
during transportation and handling.

11.4. Reference the PALA-SR-001-SOP Sample Receiving tor further guidance on
collection, preservation, shipment and storage.

QUALITY CONTROL

See ARS-001 Quality Assurance Manual.
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13.0

14.0

CALIBRATION AND STANDARDIZATION

Counting instrumentation calibration and standardization can be found in ARS-050
Operation of the Tennelec LB-4100 Alpha/Beta Counting System.
PROCEDURE

NOTE 1: If other matrices other than water are to be analyzed, ensure the proper
digestion has been performed and proceed on with the appropriate steps in the procedure.

NOTE 2: Ensure the required tracers have been added prior to performing the procedure.

14.1. Water Sample Precipitation

14.1.1. I samples larger than 1 liter are analyzed, evaporate the sample to
approximately 1 liter.

14.1.2.  Measure the sample volume using a standard graduated cylinder (or
equivalent) and transfer volume to an appropriate size plastic bottle or
volumetric flask.

14.1.3.  Verify the samples have been acidified to pH <2.

14.1.4.  Add 1 ml of 5 mg/ml strontium carrier (for gravimetric yield option) or
strontium-85 tracer (for gamma vield determination option) into each
sample aliquot.

NOTE 3: If client has indicated suspected indigenous strontium, split sample and run 1
sample with carrier and the other without carrier to determine quantity of indigenous
strontium present.

NOTE 4: Alternatively, evaporation to dryness {(when insoluble residues such as calcium
sulfate do not form) and calcium carbonate precipitation can be used to concentrate
strontium.

14.2. Cation Exchange to Concentrate Strontium from Water Samples

14.2.1. Prepare a cation exchange column containing 10 ml of C8-B500-M-H,
100-200 mesh for each sample analyzed.

14.2.2. Place columns on rack with large volume reservoirs (250 mi to 1 liter).
14.2.3. Ensure that a suitable container is below each column.

14.24. Add 20 ml of 0.1 M HNO; to each column to condition columans.
14.2.5. Load each sample onto the appropriate column and allow to drain.
14.2.6. Add 25 ml of 0.1 M HNO; to each column to rinse.

14.2.7. Discard the feed and rinse the solution collected.

14.2.8. Ensure that a labeled 150 ml beaker is below each column.
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14.3.

14.4.

14.5.

14.2.9. Add 50 mi of 8 M HNO; to each column to elute strontium.

14.2.10. Place each beaker on a hot plate in a fume hood and evaporate to dryness.

Sr Resin Column Preparation

14.3.1. For each sample, place a Sr Resin column in the column rack.
14.3.2. Place a centrifuge tube below cach column.

14.3.3.  Attach column reservoirs to each column.

14.3.4. Pipette 5 mL of 8M HNO; into each column and allow to drain.

Sr Resin Columnp Separation
14.4.1. Dissolve residue from step 14.2.10 in 10 ml of $M HNQO;.

14.4.2. Transfer cach redissolved sample into the appropriate Sr Resin column by
pouring or by using a plastic transfer pipette and allow to drain.

14.4.3. Add 5 mL of 8M HNO; to rinse to each tube/beaker and transfer each

solution into the appropriate Sr Resin column and allow to drain.

14.44. Py, Np% or Ce'? may be present, add 5 mL of 3M HNO; - 0.05M
oxalic acid into each column and allow to drain.

NOTE 5: The 3M HNO3 - 0.05M oxalic acid removes Put4, Np+4 or Ce+4, which are
retained by Sr Resin.

14.4.5. Add 5 mL of 8M HNO; to cach column and allow the rinse solution to
drain through each column.

full removal of K and Ba™ that may be present.

14.4.6. Record the time when the last rinse completely drains through each
column as the start of yitrium ingrowth. Discard waste solution.

14.4.7. Ensure that labeled plastic vials are below each column.

14.4.8. Pipette 10 mL of 0.05M HNO; into each column and allow to drain to
clute the strontium. Set elute aside.

Preparation of Pure 5r-90 and Pure Y-90 for Counter Calibration Sources:

14.5.1. Add an appropriate volume of calibrated Sr-90 standard solution {(in
cquilibrium with Y-90) to a small beaker, add 1 ml of Sr. Carrier and
evaporated the solution to dryness.

14.5.2. Redissolve the residue in 5 mbL of 8M HNOs.

14.5.3. Place a beaker below each column.
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14.6.

14.5.5.
14.5.6.

14.5.7.

14.5.8.
14.5.9.

14.5.10.
14.5.11.

14.5.12.

14.5.15.

Pipette 5 ml of 8BM HNG; into each column to condition resin and allow
to drain.

Ensure that a clean beaker or vial 1s below the column.

Transfer the redissolved residue into the appropriate Sr resin column by
pouring or by using a plastic transfer pipette and allow to drain.

Add 5 mL of 8M HNO; to rinse the beaker and transfer the sclutions into
the appropriate Sr resin column and allow to drain.

Repeat step 14.5.7.

Add SmL of 8M HNO; to the Sr resin column and allow to drain. Record
separation date and time for start of Y-90 ingrowth.

Place clean beaker under the column.

Add 10 mL of 0.05M HNO; 1o the column to efute the 5r-90. Allow to
drain.

Prepare Sr-90 from step 14.5.11 for use as a calibration standard by
evaporation on a planchet.

NOTE 7: Count Sr-90 as soon as possible after separation to nunimize
Y-90 ingrowth.

Prepare Y-90 from Step 14.5.9 for use as a calibration standard by
evaporation on a planchet.

NOTE 8: Y-90 must be counted within 24 hours of separation.

(as Proportional Counting Preparation

14.6.1.

14.6.2.

14.6.3.
14.6.4.

14.6.5.
14.6.6.

14.6.7.
14.6.8.
14.6.9.

For each sample analyzed, clean a counting dish by moistening a paper
towel with ethanol, wiping the dish and letting it dry.

Weigh the counting dish(s) on an analytical balance and record the
weight.

Place each counting dish on a hot plate under a heat lamp in a hood.

Evaporate the column strip solution from step 14.4.8 onto each dish in
successive 3 mL volumes.

Allow each 3 mL volume to evaporate to near dryness between additions.

HNO; and transfer to the counting dish.

After all the solution has evaporated to dryness, cool each dish.

Reweigh each counting dish, and record the weight.

Transfer to Count Room and count samples sufficient time to achieve the

desired counting statistics and minimum detectable concentration.
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16.0

17.0

18.0

1%.0

14.6.10. After total strontium has been counted, set the planchets aside in a safe
place during the Y-90 ingrowth period.
14.7.  Y-90 Isolation after Ingrowth

NOTE 9: If Sr-89 is known to be absent, Sr-90 can be measured with a single count.
However, if Sr-89 is present, Sr-90 is measured by isolating Y-90 using this section and
counting the Y-90.

14.7.1. Add 5 mL of 8M HNO; and allow to drain to condition a new column.
Discard waste.

14.7.2. Ensure that a clean beaker or vial is below the column.

14.7.3.  After yttrium ingrowth of approximately 1 week, redissolve the
evaporated Sr residue i up to 15 mL of 8M HNO;. Transfer the solution
into the appropriate Sr Resin column and allow to drain.

NOTE 10: This dissolution may be performed as follows: Place the planchet in a clean,
dry 150 mL glass beaker. Add 5 mL of 8M HNO; to redissolve the residue, warm gently,
and swirl. Remove the planchet with a pair of tweezers and rinse any remaining residue.

14.7.4. Add 5 mi of 8M HNOs to rinse the beaker and transfer each solution into
the Sr Resin column and allow to drain.

14.7.5. Record the date and time of the completion of last rinse as the start time
for yttrium decay.

14.7.6. Prepare the Y-90 solution for counting as appropriate depending on the
counting method used (section 14.5) and assume a 100% yield of Y-90.

CALCULATIONS
See ARS-060 Analytical Calculations.

MDA/MDC ASSESSMENT
See ARS-060 Analytical Calculations.

PRECISION AND ACCURACY
See ARS-014 Operational Quality Assurance for Radiochemistry and ARS-060 Analytical
Calculations.

METHOD PERFORMANCE
See ARS-001 Quality Assurance Manual.

POLLUTION PREVENTION
See ARS-001 Quality Assurance Manual.
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by Eichrom Resin Separation ARS-032
{Eichrom SRWE1, EPA 905.0, EPA 905.0 Mod, Revision: 8.5
HASL 300 $r-01-RC/Sr-02-ROISr-03-RC) Effective Date: 06-01-2020

Last Reviewed: 02-03-2020

20,0 DATA ASSESSMENT AND ACCEPTANCE CRITERIA FOR QUALITY
CONTROL MEASURES

See ARS-014 Operational Quality Assurance for Radiochemistry.

21.0 CORRECTIVE ACTIONS FOR QUT-OF-CONTROL DATA

See ARS-013 Nonconformance Reporting and Corrective Action Program.

22.0 CONTINGENCIES FOR HANDLING OUT-OF-CONTROL OR
UNACCEPTABLE DATA

See ARS-013 Nonconformance Reporting and Corrective Action Program.

23.0 WASTE MANAGEMENT

See ARS-001 Quality Assurance Manual and HSE-005 Waste Handling
Procedures.

24.0 RECORDS, REPORTS, AND NOTIFICATIONS
24.1.  The Laboratory Technician performing the analysis shall be responsible for the
data entry and completion of the appropriate checklist, see ARS-059 Review,

Validation, and Reporting.

24.2. The Project Manager, Quality Assurance Manager and Laboratory Director shall
ensure that the forms are properly completed.

24.3. Records shall be controlled in accordance with ML-0A4-002-SOP Document
Control and Records Management.

25.0 REPORTING RESULTS
See ARS-059 Review, Validation, and Reporting.

260 BIBLIOGRAPHY
N/A
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ANST Mational Accreditation Board

The ANSI National Accreditation Board

Hereby attests that

ARS Aleut Analytical, LLC
2609 North River Road
Port Allen, Louisiana 70767

Fulfills the requirements of

ISONMEC170258:2017

and the

U.5. Department of Defense (DoD) Quality Systems Manual for
Environmental Laboratories (DoD QSM V5.3)

In the field of

TESTING

This certificate is valid only when accompanied by a current scope of accreditation document.

R. Douvglas Leonard Ir., VP, PILR SBU

Expry Date: 12 October 2022
Certificate Number: ADE-1489

BHBY Nationsl Aven e Beacs

This Iaboratory is aceredited i accordance with the recognized International Standard ISOGAEC 17025:2017.
This accreditation demonstrates technical competence for a defined scope and the operation of a laboratory
quality management system (refer to jomt ISO-ILAC-TAF Commumiqué dated April 2017).
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ANSI National Accreditation Board

SCOPE OF ACCREDITATIONTO ISO/IEC 17025:2017 AND U.S,
DEPARTMENT OF DEFENSE (DOD) QUALITY SYSTEMS MANUAL
FOR ENVIRONMENTAL LABORATORIES (DOD QSM V 5.3)

ARS Aleut Analytical, LLC
2609 North River Road
Port Allen, Louisiana 70767
Gabe Culberson
225-381-2991

TESTING

Valid to: October 12, 2022 Certificate Number: ADE-1489

Environmental

Technology Method Analyte
Gamma Spectroscopy EPASGL Actinium-228
Garnma Spectroscopy EPA 901 Americium-241
Gamma Spectroscopy EPA Q0L Antimony-122
Gamma Spectroscopy EPA 9011 Antimony-124
Gamma Spectroscopy EPA G061 Antimony-125
Gamma Spectroscopy EPAS0GLT Antimony-126
Gamma Spectroscopy EPA 9011 Arsenic-73
Gamma Spectroscopy EPA 9011 Arsenic-74
Gamma Spectroscopy EPA 9011 Arsenic-76
Gamma Spectroscopy EPA G011 Barium-133
(Gamma Spectroscopy EPA G011 Barium-140
Gamma Speciroscopy EPASGLT Berylimm-7
Gamma Spectroscopy EPA G011 Bismuth-207
Gamma Spectroscopy EPA G011 Bismuth-211
Gamma Spectroscopy EPA 9011 Bismuth-212
Garnma Spectroscopy EPA 9011 Bismuth-214
Garnma Spectroscopy EPA 901.1 Cadmium-109
Gamma Spectroscopy EPA 9011 Cerium-139
Gamma Spectroscopy EPA 901.1 Cerium-141
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Technology Method Analyte
(Gamma Spectroscopy EPA 9011 Cerium-144
Gamma Speciroscopy EPA 9011 Cestum-129
Gamma Spectroscopy EPA 9011 Cesium-134
Gamma Spectroscopy EPA 9011 Cesium-136
Gamma Spectroscopy EPA 901.1 Cesium-137
Gamma Spectroscopy EPA 901.1 Chromium-51
Gamma Spectroscopy EPA 901.1 Cobalt-57
Gamma Spectroscopy EPA 9011 Cobalt-58
Gamma Spectroscopy EPAQGL ] Cobalt-60
Gamma Spectroscopy ERA G011 Furopium-152
Gamma Spectroscopy EBA 9011 Furopium-154
Gamma Spectroscopy EBA 901 Furopium-155

Gamma Spectroscopy

EPASOLI

Gadolinium-153

Gamma Spectroscopy EPA Q0L Gallium-67
Gamma Spectroscopy EPA Q0L Gold-196
Gamma Spectroscopy EPA G011 Gold-198
Gamma Spectroscopy EPA 9011 Hafnium-181
Gamma Spectroscopy EPA QUL Indium-113m
Gamma Spectroscopy EPASGL lodine-123
Gamma Spectroscopy EPASGL lodine-125
Garnma Spectroscopy EPA G011 lodine-129
Gamma Spectroscopy EPASGL.) lodine-131
Gamma Spectroscopy EPASGL.] Iridium-192
Gamma Spectroscopy EPA 9011 Iron-59
Gamma Spectroscopy EPA 9011 Lanthanum-140
Gamma Spectroscopy EPA 9011 lead-210
Gamma Spectroscopy EPASGLT Lead-212
Gamma Spectroscopy EPASGLT Lead-214
(Gamma Spectroscopy EPA 9011 Lutetium-177
Gamma Speciroscopy EPA S0 Manganese-54
Gamma Spectroscopy EPAS0L L Mercury-197
Gamma Spectroscopy EPA 9011 Mercury-203
Gamma Spectroscopy EPA 9011 Molybdenum-99
Gamma Spectroscopy EPA 9011 Neodymium-147
Gamma Spectroscopy EPA 9011 Neptunium-237
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ANSI National Accreditation Board

Technology Method Analyte
Gamma Spectroscopy EPA 9011 Niobium-94
Gamma Spectroscopy EPA 9011 Niobum-93
Gamma Spectroscopy EPA 9011 Polonium-210
Gamma Spectroscopy EPA 9011 Potasstum-40
Gamma Spectroscopy EPA 901.1 Promethium-144
Gamma Spectroscopy EPA 901.1 Promethium-146
Gamma Spectroscopy EPA 901.1 Protactinium-234
Gamma Spectroscopy EPA 9011 Radium-223
Gamma Spectroscopy EPAQGL ] Radium-224
Garnma Spectroscopy EPA 9011 Radunn-226
Gamma Spectroscopy EPA 901 Radum-228
Gamma Spectroscopy EPA 901 Rubidium-83

Gamma Spectroscopy

EPASOLI

(Gamma Spectroscopy

Rubidium-86

tPA N0l

(Gamma Spectroscopy

Ruthenmim-103

tPA Ol

Ruthenium-106

Gamma Spectroscopy EPA G011 Scandum-46
Gamma Spectroscopy EPASGL L Selenium-72
Gamma Spectroscopy EPA QUL Selenium-75
Gamma Spectroscopy EPASGL Silver-108m
Gamma Spectroscopy EPASGL Silver-110m
Garnma Spectroscopy EPA G011 Sodium-22
Gamma Spectroscopy EPA 9011 Strontium-85
Gamma Spectroscopy EPA 9011 Tantalum-182
Garnma Spectroscopy EPA 9011 Tellurium-132
Garnma Spectroscopy EPA 9011 Terbium-160
Gamma Spectroscopy EPA 9011 Thallium-208
Garnma Spectroscopy EPA 9011 Thallum-210
Garnma Spectroscopy EPA 9011 Thorium-22
(Gamma Spectroscopy EPA 9011 Thorium-228
Gamma Spectroscopy EPA 9011 Thormum-231
Gamma Spectroscopy EPA 9011 Thorum-234
Gamma Spectroscopy EPA 9011 Tin-113
Gamma Spectroscopy EPA 9011 Total NORM Activity
Gamma Spectroscopy EPA 9011 Total NORM GAMMA
Gamma Spectroscopy EPA 9011 Uranium-235
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Technology Method Analyte
(Gamma Spectroscopy EPA 9011 Urantum-238
Gamma Speciroscopy EPA 9011 Xenon-131m
Gamma Spectroscopy EPA 9011 Xenon-133m
Gamma Spectroscopy EPA 9011 Yiterbum-169
Gamma Spectroscopy EPA 901.1 Yiterbium-175
Gamma Spectroscopy EPA 901.1 Yitrium-88
Gamma Spectroscopy EPA 901.1 Yitrium-91
Gamma Spectroscopy EPA 9011 Zing-65

Gamma Spectroscopy

EPAQOL 1

Gamma Spectroscopy

Zirconium-95

SA 71208

Gamma Spectroscopy

Actimium-228

SM 71208

Gamma Spectroscopy

Americium-241

sM 71208

Gamma Spectroscopy

Antimony-122

BAM 717208

(Gamma Spectroscopy

Antimony-124

SM 71200

(Gamma Spectroscopy

Antimony-125

SM 71200

Antimony-126

Gamma Spectroscopy SM 71208 Arsenic-73
Gamma Spectroscopy SM 71208 Arsenic-74
Gamma Spectroscopy SM7120B Arsenic-76
Gamma Spectroscopy 5M 71208 Barium-133
Gamma Spectroscopy 5M 71208 Barmum-140
Gamma Spectroscopy SM7120B Berylimm-7
Gamma Spectroscopy SM7120B Bismuth-207
Gamma Spectroscopy SM 71208 Bismuth-211
Gamma Spectroscopy SM7120B Bismuth-212
Gamma Spectroscopy SM7120B Bismuth-214
Gamma Spectroscopy SM7120B Cadmium-109
Garnma Spectroscopy SM 71208 Cermum-139
Gamma Spectroscopy SM 71208 Cerium-141
Gamma Spectroscopy SM7120B Cerium-144
Gamma Spectroscopy SM 71208 Cesium-129
Gamma Spectroscopy SM 71208 Cesium-134
Gamma Spectroscopy SM7120B Cesum-136
Gamma Spectroscopy SM7120B Cesium-137
Gamma Spectroscopy SM7120B Chromum-51
Gamma Spectroscopy SM7120B Cobalt-57
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Technology Method Analyte
Gamma Spectroscopy SM7120B Cobali-58
Gamma Spectroscopy SM7120B Cobalt-60
Gamma Spectroscopy SM7120B Europium-152
Gamma Spectroscopy SM7120B Europum-154
Gamma Spectroscopy SM 71208 Furopum-155
Gamma Spectroscopy SM7120B Gadolintum-153
Gamma Spectroscopy SM7120B Gallum-67
Gamma Spectroscopy SM7120B Gold-196
Gamma Spectroscopy SM.71208 Gold-198
Gamma Spectroscopy SM7120B Hafnium-181
Gamma Spectroscopy SN 7120B Indium-113m

Gamma Spectroscopy

sM 71208

Gamma Spectroscopy

Todine-123

BAM 717208

Todine-125

Gamma Spectroscopy shl 71208 lodine-129
Gamma Spectroscopy sM 71208 loding-131
Gamima Spectroscopy sM 71208 Iridiim-192
Gamma Spectroscopy SM 71208 Iron-59
Gamma Spectroscopy SM7120B Lanthanum-140
Gamma Spectroscopy 5M 71208 Lead-210
Gamma Spectroscopy 5M 71208 Lead-212
Garnma Spectroscopy SM 71208 Lead-214
Gamma Spectroscopy SM71208 Lutctium-177
Gamma Spectroscopy SM 71208 Manganese-54
Garnma Spectroscopy SM 71208 Mercury-197
Garnma Spectroscopy SM 71208 Mercury-203
Gamma Spectroscopy SM7120B Molybdenum-99
Gamma Spectroscopy SM7120B Neodymium-147
Garnma Spectroscopy SM 71208 Neptunium-237
Gamma Spectroscopy SM7120B Niobum-94
Gamima Spectroscopy SM7120B Nicbium-95
Gamma Spectroscopy SM7120B Polonum-210
Gamma Spectroscopy SM7120B Potassium-40
Gamma Spectroscopy SM 7120B Promethmum-144
Gamma Spectroscopy SM7120B Promethum-146
Gamma Spectroscopy SM7120B Protactinium-234
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Technology Method Analyte
Gamma Spectroscopy SM7120B Radmum-223
Gamma Spectroscopy SM7120B Radmum-224
Gamma Spectroscopy SM7120B Radum-226
Gamma Spectroscopy SM7120B Radmm-228
Gamma Spectroscopy SM7120B Rubidium-83
Gamma Spectroscopy SM7120B Rubidum-86
Gamma Spectroscopy SM7120B Ruthenum-103
Gamma Spectroscopy SM7120B Ruthenmm-106
Gamma Spectroscopy SM7120B Scandium-46
Gamma Spectroscopy SM7120B Selenium-72
Gamma Spectroscopy sM 71208 Selenum-75

Gamma Spectroscopy

sM 71208

Siver-108m

Gamma Spectroscopy

BAM 717208

Siver-110m

(Gamma Spectroscopy

SM 71200

Sodum-22

(Gamma Spectroscopy

SM 71200

Strontium-R8S

Gamma Spectroscopy SM 71208 Tantalum-182
Gamma Spectroscopy SM7120B Tellurium-132
Gamma Spectroscopy SM 7120B Terbium-160
Gamma Spectroscopy SM7120B Thallum-208
Gamma Spectroscopy SM7120B Thallum-210
Gamma Spectroscopy SM7120B Thorum-227
Gamma Spectroscopy SM7120B Thorum-228
Gamma Spectroscopy SM7120B Thorium-231
Gamma Spectroscopy SM7120B Thorium-234
Garnma Spectroscopy SM 71208 Tin-113
Gamma Spectroscopy SM7120B Total NORM Activity
Gamnma Spectroscopy SM 71208 Total NORM GAMMA
Garnma Spectroscopy SM 71208 Uranium-235
Gamma Spectroscopy SM7120B Uranium-238
Gamma Spectroscopy SM 71208 Xenon-131m
Gamma Spectroscopy SM 71208 Xenon-133m
Gamma Spectroscopy SM7120B Ytterbium-169
Gamma Spectroscopy SM7120B Ytterbum-175
Gamma Spectroscopy SM 71208 Yitrium-88
Gamma Spectroscopy SM71208B Y ttrium-91
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Technology Method Analyte
Gamma Spectroscopy SM7120B Zinc-65
Gamma Spectroscopy SM7120B Zirconium-95

Gamma Spectroscopy

HASE 300 GA-01-R

Actinium-228

Gamma Spectroscopy

HASE 300 GA-01-R

Americium-241

Gamma Spectroscopy

HASL 300 GA-01-R

Gamma Spectroscopy

Antimony 122

HASE 300 GA-01-R

Gamma Spectroscopy

Antimony-124

HASE 300 GA-01-R

Gamma Spectroscopy

Antimony-125

HASL 300 GAD1 R

Gamma Spectroscopy

Antimony-126

HASL 300 GA-BI-R

Gamma Spectroscopy

Arsenic-73

HASL 300 GA-01-R

Gamma Spectroscopy

Arsenic-74

HARL 300 GAO1-R

Gamma Spectroscopy

Arsenic-76

HARL 300 GAOL-R

Gamma Spectroscopy

Barum-133

HASL 30 Ga-01-R

Barium-140

Gamma Spectroscopy HARL 00 GA-OLR Beryllium-7
Gamma Spectroscopy HARL 300 GA-OL-R Bismuth-207
Gamma Spectroscopy HASL 300 GA-01-R Bismuth-211
Gamma Spectroscopy HASL 300 GA-01-R Bismuth-212
Gamma Spectroscopy HASL 300 GA-01-R Bismuth-214

Gamma Spectroscopy

HASL 300 GA-O1-R

Cadmium-109

Gamma Spectroscopy

HASL 300 GA-O]-R

Cermm-139

Gamma Spectroscopy

HASL 300 GA-01-R

Cermm-141

Gamma Spectroscopy

HASEL 300 GA-O1-R

Cerium-144

Gamma Spectroscopy

HASEL 300 GA-O1-R

Cesum-129

Gamma Spectroscopy

HASL 300 GA-01-R

Cesum-134

Gamma Spectroscopy

HASL 300 GA-01-R

Cesium-136

Gamma Spectroscopy

HASL 300 GA-01-R

Cesum-137

Gamma Spectroscopy

HASL 300 GA-01-R

Chromium-51

Gamma Spectroscopy

HASL 300 GA-01-R

Cobalt-57

(Gamma Spectroscopy

HASL 300 GA-O1-R

Cobalt-58

Gamma Speciroscopy

HASL 300 GA-OL-R

Cobali-60

Gamma Speciroscopy

HASL 300 GA-OL-R

Europium-152

Gamma Spectroscopy

HASL 300 GA-OL-R

Europium-134

Gamma Spectroscopy

HASL 300 GA-OL-R

Europum-155

Gamma Spectroscopy

HASL 300 GA-01-R

Gadolinium-153

Gamma Spectroscopy

HASL 300 GA-01-K

Gallum-67
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ANSI National Accreditation Board

Technology Method Analyte
Gamma Spectroscopy HASL 300 GA-01-R Gold-196
Gamima Spectroscopy HASL 300 GA-01-R Gold-198

Gamma Spectroscopy

HASE 300 GA-01-R

Hafnium-181

Gamma Spectroscopy

HASE 300 GA-01-R

Indium-113m

Gamma Spectroscopy

HASL 300 GA-01-R

Gamma Spectroscopy

fodine-123

HASE 300 GA-01-R

Gamma Spectroscopy

Todine-125

HASE 300 GA-01-R

Gamma Spectroscopy

Jodine-129

HASL 300 GAD1 R

Gamma Spectroscopy

Jodine-131

HASL 300 GA-BI-R

Gamma Spectroscopy

Tridium-192

HASL 300 GA-01-R

Gamma Spectroscopy

fron-59

HARL 300 GAO1-R

Gamma Spectroscopy

Lanthanum-140

HARL 300 GAOL-R

Gamma Spectroscopy

Lead-210

HASL 30 Ga-01-R

(Gamma Spectroscopy

Lead-212

HASL 300 GAO1-R

(Gamma Spectroscopy

lead-214

HARL 300 GAOLR

Gamma Speciroscopy

Lutetium-177

HASL 300 GA-O1-R

Manganese-54

Gamma Speciroscopy

HASL 300 GA-O1L-R

Mercury-197

Gamma Spectroscopy

HASL 300 GA-OL-R

Mercury-203

Gamma Spectroscopy

HASL 300 GA-O1-R

Molybdernum-99

Gamma Spectroscopy

HASL 300 GA-O]-R

Neodymium-147

Gamma Spectroscopy

HASL 300 GA-01-R

MNeptunium-237

Gamma Spectroscopy

HASEL 300 GA-O1-R

Nichium-94

Gamma Spectroscopy

HASEL 300 GA-O1-R

MNiobium-95

Gamma Spectroscopy

HASL 300 GA-01-R

Polonum-210

Gamma Spectroscopy

HASL 300 GA-01-R

Potassium-40

Gamma Spectroscopy

HASL 300 GA-01-R

Promethium-144

Gamma Spectroscopy

HASL 300 GA-01-R

Promethium-146

Gamma Spectroscopy

HASL 300 GA-01-R

Protactinium-234

Gamma Spectroscopy HASL 300 GA-01-R Radmum-223
Gamma Spectroscopy HASL 300 GA-01-R Radmum-224
Gamma Spectroscopy HASL 300 GA-01-R Radmum-226
Gamma Spectroscopy HASL 300 GA-01-R Radium-228

Gamma Spectroscopy

HASL 300 GA-OL-R

Rubidium-83

Gamma Spectroscopy

HASL 300 GA-01-R

Rubidium-86

Gamma Spectroscopy

HASL 300 GA-01-K

Ruthenium-103
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Technology

ANSI National Accreditation Board

Method

Analyte

(Gamma Spectroscopy

HASE 300 GA-01-R

Ruthentum-106

Gamma Speciroscopy

HASL 300 GA-01-R

Scandum-46

Gamma Spectroscopy

HASE 300 GA-01-R

Selenium-72

Gamma Spectroscopy

HASE 300 GA-01-R

Selenum-75

Gamma Spectroscopy

HASL 300 GA-01-R

Gamma Spectroscopy

Silver-108m

HASE 300 GA-01-R

Gamma Spectroscopy

Silver-110m

HASE 300 GA-01-R

Gamma Spectroscopy

Sodmum-22

HASL 300 GAD1 R

Gamma Spectroscopy

Strontium-85

HASL 300 GA-BI-R

Gamma Spectroscopy

Tantalum-182

HASL 300 GA-01-R

Gamma Spectroscopy

Telurium-132

HARL 300 GAO1-R

Gamma Spectroscopy

Terbum-160

HARL 300 GAOL-R

Gamma Spectroscopy

Thallium-208

HASL 30 Ga-01-R

Thallium-210

Gamma Spectroscopy HARL 00 GA-OLR Thorum-227
Gamma Spectroscopy HARL 300 GA-OL-R Thorium-228
Gamma Spectroscopy HASL 300 GA-01-R Thorium-231
Gamma Spectroscopy HASL 300 GA-01-R Thorium-234
Gamma Spectroscopy HASRL 300 GA-OL-R Tin-113

Gamma Spectroscopy HASL 300 GA-O1-R Total NORM Activity
Gamma Spectroscopy HASL 300 GA-O]-R Total NORM GAMMA

Gamma Spectroscopy

HASL 300 GA-01-R

Uranium-235

Gamma Spectroscopy

HASEL 300 GA-O1-R

Uranium-238

Gamma Spectroscopy

HASEL 300 GA-O1-R

Xenon-131m

Gamma Spectroscopy

HASL 300 GA-01-R

Xenon-133m

Gamma Spectroscopy

HASL 300 GA-01-R

Yiterbium-169

Gamma Spectroscopy

HASL 300 GA-01-R

Ytterbium-1758

Gamma Spectroscopy

HASL 300 GA-01-R

Yitrium-88

Gamma Spectroscopy

HASL 300 GA-01-R

Yitrium-91

(Gamma Spectroscopy

HASL 300 GA-O1-R

Znc-65

Gamma Speciroscopy

HASL 300 GA-OL-R

Zirconum-95

Gas Flow Proportional Counter

ARS 019 — Carbon-14 in

Carbon-14

Water
Gas Flow Proportional Counter EPA 900.0 Gross-alpha
Gas Flow Proportional Counter EPA 9310 Gross-alpha
Gas Flow Proportional Counter EPA 900.0 Gross-beta
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Technology Method Analyte
Gas Flow Proportional Counter EPA 9310 Gross-beta
Gas Flow Proportional Counter EPA 903.0 Radum-226
Gas Flow Proportional Counter EPA 9315 Radmum-22
Gas Flow Proportional Counter EPA 904.0 Radum-228
Gas Flow Proportional Counter EPA 9320 Radium-228
Gas Flow Proportional Counter Fichrom OTWO01 Lead-210
Gas Flow Proportional Counter EPA 905 Mod Strontium-89

Gas Flow Proportional Counter

Eichrom SEW ]

Gas Flow Proportional Counter

Strontium-89

HASL 300 5R-01-RC

Gas Flow Proportional Counter

Strontiim-89

EEA 905

Gas Flow Proportional Counter

Strontium-90

Bichrom SRWOI

Gas Flow Proportional Counter

Strontium-90

HASL 300 Sr-02-HO

Liguid Scmtillation

Strontim-90

ARS-040 Tritiun m Water
by Electrolvtic Forichment

Low Level Tritium

Liguid Scintillation

EPA 906.0

Tritium

Liguid Scmtillation

ARS 151 - Uke of Pyrolyser
for H=3. C-14

Tritlum

Liquid Scintillation

ARS 151 - Use of Pyrolyser
forH-3 -4

Carbon-14

Liguid Scmtillation

Fichrom TUWO2

Technetium 99

Alpha Scmntillation

EPA 9031

Radium-226

Alpha Spectroscopy

Eichrom ACWG3

Americtum 241

Alpha Spectroscopy

HASE 300 5¢-03

Americium-241

Alpha Spectroscopy

HASL 300 An-03-RC

Americium-241

Alpha Spectroscopy

Eichrom ACWG3

Plutonium 238

Alpha Spectroscopy

HASL 300 5e-03

Plutonium-238

Alpha Spectroscopy

HASL 300 Pu-10-RC

Plutonium-238

Alpha Spectroscopy

Eichrom ACWO3

Plutonium-239/240

Alpha Spectroscopy

HASE 300 50-03

Plutonium-235/240

Alpha Spectroscopy

HASLE 300 Pu-10-RC

Plutonium-239/240

Alpha Spectroscopy

Fichrom ACWO3

Plutonium-241

Alpha Spectroscopy

HASE 300 S¢-03

Phitonium-241

Alpha Spectroscopy

HASL 300 Pu-10-RC

Plutonium-241

Alpha Spectroscopy

Eichrom ACW03

Pranium-234
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Technology

ANSI National Accreditation Board

Method

Analyte

Alpha Spectroscopy

HASL 300 S¢-03

Uranium-234

Alpha Spectroscopy Eichrom ACW03 Uranium-238
Alpha Spectroscopy HASL 300 S¢-03 Uranum-235
Alpha Spectroscopy Eichrom ACWO03 Urantim-238

Alpha Spectroscopy

HASE 300 Se-03

Alpha Spectroscopy

Eichrom ACW10

Uranium-238

Alpha Spectroscopy

Eichrom ACW10

Thorium-22%

Alpha Spectroscopy

Thorium-230

Fichrom ACW 1D

Thorum-232

ICP-OES EPA GOI0D Aluminum
ICP-OES ERA 010D Boron
ICP-OES EPA 60100 Calcium
ICP-OES ERPA 60101 fron
1ICP-OFES EPABOIOD Magnesium
ICP-OES FERrABDIOD Potassium
ICP-OES ERAa 6010n]y Silicon
ICP-OES EPAGOLIOD Sodium
ICP-OES EPA GOLIOD Strontium
ICP-OES EPA 6010D Titanium
ICP/MS EPA 60208 Antimony
ICP/MS EPA 60208 Arsenic
ICP/MS EPA 60208 Barium
ICP/MS EPA 60208 Berylhium
ICP/MS EPA 60208 Cadmium
ICP/MS EPA 60208 Chromium
ICP/MS EPA 60208 Cobalt
ICP/MS EPA 60208 Copper
ICP/MS EPA 60208 Lead
ICP/MS EPA 60208 Manganese
ICP/MS FPA 60208 Molybdenum
ICP/MS EPA 60208 Nickel
ICP/MS EPA 60208 Selenum
ICP/MS EPA 6020B Silver
ICP/MS EPA 6020B Thallum
ICP/MS EPA 60208 Total Uranium
ICP/MS EPA 60208 Uranium
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ANSI National Accreditation Board

Technology Method Analyte
ICP/MS EPA 60208 Vanadium
ICP/MS EPA 60208 Zinc
Mercury CVAA EPA 7470A Mercury
GC/ECD EPA B082A Aroclor-1016 (PCB-1016)
GC/ECD EPA B082A Aroclor-1260 (PCB-1260})
Preparation Method Type
SVOA/PCB Prep SWE46-3510¢ separatory Funnel Liquid-Liquid extraction
Metals Prep EPA 2002 Extraction
Metals Prep EPA A0G10A Acid Digestion
Metals Prep EPA 3050B Acid Digestion

RAD Prep

Hasl 300607

Flectrodeposition of the Actinides

Technology Method Analyte
Gamma Spectroscopy EPA 901.1 Actinium-228
Gamma Spectroscopy EPA SO Americium-241
Gamma Spectroscopy EPA 901.1 Antimony-122
Gamma Spectroscopy EPA 901.1 Antimony-124
Gamma hpectroscopy EPA 9011 Antimony-125
Gamma Spectroscopy EPA 901 .1 Antimony-126
Gamma Spectroscopy EPA 9011 Arsenic-73
Gamma Spectroscopy EPA 9011 Arsenic-74
Gamma Spectroscopy EPA 90611 Arsenic-76
Garmma Spectroscopy EPA 901 Barium-133
Gamma Spectroscopy EPASGLY Barium-140
Gamma Spectroscopy EPASGLY Beryllium-7
Gamma Spectroscopy EPA 9011 Bismuth-207
Gamma Spectroscopy EPA 901.1 Bismuth-211
Gamma Spectroscopy EPA 9011 Bismuth-212
Gamma Spectroscopy EPA 901.1 Bismuth-214
Gamma Spectroscopy EPA 901.1 Cadmium-109
Gamma Spectroscopy EPA 9011 Cerium-139
Gamma hpectroscopy EPA 9011 Cerium-141
Gamma hpectroscopy EPA 9011 Cerium-144
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Technology Method Analyte
Gamma Spectroscopy EPA 9011 Cesium-129
Gamma Spectroscopy EPA 9011 Cesum-134
Gamma Spectroscopy EPA 9011 Cesium-136
Gamma Spectroscopy EPA 9011 Cesium-~137
Gamma Spectroscopy EPA 901.1 Chromium-51
Gamma Spectroscopy EPA 901.1 Cobalt-37
Gamma Spectroscopy EPA 901.1 Cobalt-58
Gamma Spectroscopy EPA 9011 Cobalt-60
Gamma Spectroscopy EPASOL Europium-152
Gamma Spectroscopy ERA G011 Europium-154
Gamma Spectroscopy EBA 9011 BEuropum-155
Gamma Spectroscopy EPAS0]. Gadolinium-153

Gamma Spectroscopy

EPASOLI

Gallium-67

Gamma Spectroscopy EPABOL L Gold-196
Gamma Spectroscopy EPA 0L Gold-198
Gamma Spectroscopy EPASOL.1 Hafnium-181
Gamma Spectroscopy EPASGL L Indium-113m
Gamma Spectroscopy EPA QUL Todine-~123
Gamma Spectroscopy EPA 9011 Iodine-125
Gamma Spectroscopy EPA 9011 Iodine-129
Gamma Spectroscopy EPA G011 lodine-131
Gamma Spectroscopy EPA 901.1 Iridium-192
Gamma Spectroscopy EPA 9011 Iron-59
Gamma hpectroscopy EPA 9011 Lanthanum-140
Gamma hpectroscopy EPA 9011 Lead-210
Gamma Spectroscopy EPA 9011 Lead-212
Gamma Spectroscopy EPASGLT Lead-214
Gamma Spectroscopy EPASGLT Lutetium-177
Garmma Spectroscopy EPAS0L1 Manganese-54
Gamma Spectroscopy EPA 901.1 Mercury-197
Gamma Spectroscopy EPASGL Mercury-203
Gamma Spectroscopy EPA 9011 Molybdenum-99
Gamma Spectroscopy EPA 9011 Neodymium-147
Gamma Spectroscopy EPA 9011 Neptunium-237
Gamma Spectroscopy EPA 901.1 Niobium-94
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Technology Method Analyte
Gamma Spectroscopy EPA 9011 Niobum-95
Gamma Spectroscopy EPA 9011 Polonium-2190
Gamma Spectroscopy EPA 9011 Potassium-40
Gamma Spectroscopy EPA 9011 Promethium-144
Gamma Spectroscopy EPA 901.1 Promethum-146
Gamma Spectroscopy EPA 901.1 Protactinium-234
Gamma Spectroscopy EPA 901.1 Radium-223
Gamma Spectroscopy EPA 9011 Radium-224
Gamma Spectroscopy EPAQGL ] Radium-226
Gamma Spectroscopy EPA 9011 Radium-228
Garmima Spectroscopy EPA 901 Rubidium-8&3
Garmima Spectroscopy EPA 901 Rubidium-86

Gamma Spectroscopy

EPASOLI

Gamma Spectroscopy

Ruthenium-103

tPA N0l

Ruthenium-106

Gamma Spectroscopy EPA 901 .1 Scandium-46
Gamma Spectroscopy EPASOL.1 Selenium-72
Gamma Spectroscopy EPASGL L Sclenium-75
Gamma Spectroscopy EPA D011 Sitver-108m
Gamma Spectroscopy EPA 901.1 Silver-110m
Gamma Spectroscopy EPA 901.1 Sodium-22
Gamma Spectroscopy EPA 9011 Strontium-85
Gamma Spectroscopy EPA 901.1 Tantalum-182
Gamma Spectroscopy EPASGL.] Telurium-132
Gamma Spectroscopy EPA 9011 Terbium-160
Gamma Spectroscopy EPA 9011 Thallium-208
Garmima Spectroscopy EPA 9011 Thallium-210
Gamma Spectroscopy EPA 9011 Thorum-227
Gamma Spectroscopy EPA 9011 Thorum-228
Gamma Spectroscopy EPA 9011 Thorium-231
Gamma Spectroscopy EPA901.1 Thorium-234
Gamma Spectroscopy EPASGL Tin-113
Gamma Spectroscopy EPA90L.I Total NORM Activity
Gamma Spectroscopy EPA 9011 Total NORM GAMMA
Gamma Spectroscopy EPA 901.1 Uranium-235
Gamma Spectroscopy EPA 9011 Uranium-238
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Gamma Spectroscopy

Technology Method Analyte
Gamma Spectroscopy EPA 9011 Xenon-131m
Gamma Spectroscopy EPA 9011 Xenon-133m
Gamma Spectroscopy EPA 9011 Yiterbum-169
Gamma Spectroscopy EPA 9011 Yiterbum-175
Gamma Spectroscopy EPA 901.1 Yitrium-88
Gamma Spectroscopy EPA 9011 Ytirium-91
Gamma Spectroscopy EPA 901.1 Zimc-65
Gamma Spectroscopy EPA 9011 Zirconum-95

HASL 300 GA-OL-R

Gamma hpectroscopy

Actinium-228

HASL 300 (GA-01-R

Gamma Spectroscopy

Americium-241

HASL, 300 GA-01-R

Gamma Spectroscopy

Antimony-122

HASL 300 GA-01-R

Gamma Spectroscopy

HARL 300 GAOL-R

Gamma Spectroscopy

HARL 300 GAOL-R

Antimony-124

Antimony-125

Antimony-126

Gamma Spectroscopy HASL 300 GA-0]-K Arsenic-73
Gamma Spectroscopy HASL 300 GA-O1-R Arsenic-74
Gamma Spectroscopy HASL 300 GA-OL-R Arsenic-76

Gamma Spectroscopy

HASL 300 GA-0L-R

Barmm-133

Gamma Spectroscopy

HASL 300 GA-OL-R

Barium- 140

Gamma Spectroscopy HASL 300 GA-O1-R Beryllium-7
Gamma Spectroscopy HASL 300 GA-D1-R Bisnuth-207
Gamma Spectroscopy HASL 300 GA-01-R Bismuth-211
Gamma Spectroscopy HASL 300 GA-01-R Bismuth-212

Gamma hpectroscopy

HASL 300 GA-O]-R

Bismuth-214

Gamma hpectroscopy

HASL 300 GA-O]-R

Cadmium-109

Gamma Spectroscopy

HASL 300 GA-01-R

Cerium-139

Gamma Spectroscopy

HASL 300 GA-01-R

Cerum-141

Gamma Spectroscopy

HASL 300 GA-O1-R

Cerum-144

Gamma Spectroscopy

HASL 300 GA-01-R

Cesum-129

Gamma Spectroscopy

HASL 300 GA-01-R

Cesum-134

Gamma Spectroscopy

HASL 300 GA-O1-R

Cesum-136

Gamma Spectroscopy

HASL 300 GA-OL-R

Cesum-137

Gamma Spectroscopy

HASL 300 GA-O1-R

Chromium-51

Gamma Spectroscopy

HASL 300 GA-O1-R

Cobal-57

Gamma Spectroscopy

HASL 300 GA-01-R

Cobalt-58
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Technology

Method

Analyte

Gamma Spectroscopy

HASL 300 GA-01-R

Cobal-60

Gamma Spectroscopy

HASL 300 GA-01-R

Europum-152

Gamma Spectroscopy

HASL 300 GA-01-R

Huropium-154

Gamma Spectroscopy

HASL 300 GA-01-R

Furopium-155

Gamma Spectroscopy

HASL 300 GA-01-R

Gamma Spectroscopy

Gadolnium-153

HASL 300 GA-01-R

Gamma Spectroscopy

Gallium-67

HASL 300 GA-01-R

Gamma Spectroscopy

Gold-196

HASL 300 GaA01-R

Gamma Spectroscopy

Gold-198

HASL 300 GA-OL-R

Gamma hpectroscopy

Hafnium-181

HASL 300 (GA-01-R

Gamma Spectroscopy

Indium-113m

HASL, 300 GA-01-R

Gamma Spectroscopy

fodine-123

HASL 300 GA-01-R

Gamma Spectroscopy

fodine-125

HARL 300 GAOL-R

Gamma Spectroscopy

Todine-129

HARL 300 GAOL-R

Gamma Spectroscopy

Todine-131

HASL 300 Ga-01 R

Gamma Spectroscopy

Indium-192

HASL 300 GA-O1-R

Iron-59

Gamma Spectroscopy

HASL 300 GA-OL-R

Lanthanum-140

Gamma Spectroscopy HASL 300 GA-01-R Tead-210
Gamma Speciroscopy HABRL 300 GA-O1-R Lead-212
Gamma Spectroscopy HARL 300 GA-O1-R lead-214

Gamma Spectroscopy

HASL 300 GA-O1-R

Lutetiom-177

Gamma Spectroscopy

HASL 300 GA-O1-R

Manganese-54

Gamma Spectroscopy

HASL 300 GA-01-R

Mercury-197

Gamma hpectroscopy

HASL 300 GA-O]-R

Mercury-203

Gamma hpectroscopy

HASL 300 GA-O]-R

Molybdenum-99

Gamma Spectroscopy

HASL 300 GA-01-R

Neodymium-147

Gamma Spectroscopy

HASL 300 GA-01-R

Neptunum-237

Gamma Spectroscopy

HASL 300 GA-O1-R

MNiobium-94

Gamma Spectroscopy

HASL 300 GA-01-R

Niobium-95

Gamma Spectroscopy

HASL 300 GA-01-R

Polonmum-210

Gamma Spectroscopy

HASL 300 GA-O1-R

Potassium-40

Gamma Spectroscopy

HASL 300 GA-OL-R

Promethium-144

Gamma Spectroscopy

HASL 300 GA-O1-R

Promethium-146

Gamma Spectroscopy

HASL 300 GA-O1-R

Protactinium-234

Gamma Spectroscopy

HASL 300 GA-01-R

Radium-223
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Technology Method Analyte
Garmma Spectroscopy HASL 300 GA-01-R Radim-224
Gamma Spectroscopy HASL 300 GA-01-R Radum-226
Gamma Spectroscopy HASL 300 GA-01-R Radium-228

Gamma Spectroscopy

HASL 300 GA-01-R

Rubidium-83

Gamma Spectroscopy

HASL 300 GA-01-R

Rubidium-86

Gamma Spectroscopy

HASL 300 GA-01-R

Ruthenium-103

Gamma Spectroscopy

HASL 300 GA-01-R

Ruthenium- 106

Gamma Spectroscopy

HASL 300 GaA01-R

Scandum-46

Gamma Spectroscopy

HASL 300 GA-OL-R

Selenmum-72

Gamma hpectroscopy

HASL 300 (GA-01-R

Selenium-75

Gamma Spectroscopy

HASL, 300 GA-01-R

Silver-108m

Gamma Spectroscopy

HASL 300 GA-01-R

Gamma Spectroscopy

HARL 300 GAOL-R

Gamma Spectroscopy

HARL 300 GAOL-R

Gamma Spectroscopy

HASL 300 Ga-01 R

Gamma Spectroscopy

HASL 300 GA-O1-R

Silver-110m

Sodium-22

Strontium-&3

Tantalum-182

Tellurium-132

Gamma Spectroscopy

HASL 300 GA-OL-R

Terbium-160

Gamma Spectroscopy HASL 300 GA-01-R Thallium-208
Gamma Speciroscopy HABL 300 GA-01-R Thallium-2 10
Gamma Spectroscopy HARL 300 GA-0L-R Thoriun-227
Gamma Spectroscopy HASL 300 GA-D1-R Thorium-228
Gamma Spectroscopy HASL 300 GA-01-R Thorum-231
Gamma Spectroscopy HASL 300 GA-01-R Thorum-234
Gamma Spectroscopy HASL 300 GA-D1-R Tin-113

Gamma hpectroscopy

HASL 300 GA-O]-R

Total NORM Activity

Gamma Spectroscopy

HASL 300 GA-01-R

Total NORM GAMMA

Gamma Spectroscopy

HASL 300 GA-01-R

Uranwm-235

Gamma Spectroscopy

HASL 300 GA-O1-R

Uranwm-238

Gamma Spectroscopy

HASL 300 GA-01-R

Kenon-131m

Gamma Spectroscopy

HASL 300 GA-01-R

Xenon-133m

Gamma Spectroscopy

HASL 300 GA-O1-R

Yiterbium-169

Gamma Spectroscopy

HASL 300 GA-OL-R

Ytterbium-175

Gamma Spectroscopy

HASL 300 GA-O1-R

Yitrom-88

Gamma Spectroscopy

HASL 300 GA-O1-R

Ytirium-91

Gamma Spectroscopy

HASL 300 GA-01-R

Zimnc-65
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Technology

Method

Analyte

Gamma Spectroscopy

HASL 300 GA-01-R

Zirconium-95

Gas Flow Proportional Counter

EPA 900.0 Mod

Gross-alpha

Gas Flow Proportional Counter EPA 9310 Gross-alpha
Gas Flow Proportional Counter EPA 900.0 Mod Gross-beta
Gas Flow Proportional Counter EPA 9310 Gross-beta
Gas Flow Proportional Counter Eichrom SRWQ Strontium-89

Gas Flow Proportional Counter

EPA 905.0 Mod

Gas Flow Proportional Counter

Strontium-89

HASL 300 SR-01-RC

Gas Flow Proportional Counter

Strontium-89

Hichrom SRWOI

Gas Flow Proportional Counter

Strontium-90

EPA 905.0 Mod

Gas Flow Proportional Counter

Strontium-90

HASL 300 SR 02RO

Liguid Scintillation

Strontium-90

EPA G060 Mod

Liquid Scntillation/Pyrolysis

Tritm

AR5 151 -~ Uscofl
Pyrolyser for H-3, C-14

Tritium

Liguid Scintillation

Eichrom TOS01

Technetium-99

Liguid Scintillation/Pyrolysis

ARS 151 - Use of
Pyrolyser for H-3

Carbon-14

Alpha Spectroscopy

Pichrom ACWO3

Americium-241

Alpha Spectroscopy

HASL 300 5¢-03

Americium-241

Alpha Spectroscopy

HASL 300 Am-01-RC

Americium-241

Alpha Speciroscopy

Eichrom ACWO3

Plutonium-238

Alpha Spectroscopy

HASL 300 5¢-03

Phutonium-238

Alpha Spectroscopy

HASL 300 Pu-02-RC

Phutonium-238

Alpha Spectroscopy

HASL 300 Pu-03-RC

Plutonium-238

Alpha Spectroscopy

Eichrom ACWO3

Plutonium-239/240

Alpha Spectroscopy

HASL 300 5¢-03

Plutonium-239/240

Alpha Spectroscopy

HASL 300 Pu-02-RC

Plutonium-239/240

Alpha Spectroscopy

HASL 300 Pu-03-RC

Plutonium-239/240

Alpha Spectroscopy

Eichrom ACW03

Plutonium-241

Alpha Spectroscopy

HASL 300 5¢-03

Plutonium-241

Alpha Spectroscopy

HASL 300 Pu-02-RC

Plutonium-241

Alpha Spectroscopy

HASL 300 Pu-03-RC

Plutonium-241

Alpha Spectroscopy

Eichrom ACW03

Uranium-234

Version 811 Issued: Getober 9, 2020

wWww . anab. org

Page 18 of 27

ED_006787_00025297-00079



ANSI National Accreditation Board

Technology

Method

Analyte

Alpha Spectroscopy

HASL 300 Se-03

Uranium-234

Alpha Speciroscopy

HASL 300 U-02-RC

Uranium-234

Alpha Spectroscopy

HASL 300 U-04-RC

Uranium-234

Alpha Spectroscopy

Eichrom ACW03

Uraniuim-235

Alpha Spectroscopy

HASL 300 5¢-03

Alpha Spectroscopy

Uranium-235

HASL 300 U-02-RC

Alpha Spectroscopy

Urantum-235

HASL 300 U-04-RC

Alpha Spectroscopy

Uranium-~235

Eichrom ACW03 VES
HASL 300 Sc.03
HASL 200 U-02
HASL 300 U-04

Alpha Spectroscopy

Uranium-238

HASL 300 5¢-03

Alpha Spectroscopy

Uranium-238%

HASL 300 02RO

Alpha Spectroscopy

Uranium-238%

Hasl 200 1L04-RO

Alpha Spectroscopy

Uranium-238

Pichrom ACW LD

Thortum-228

Alpha Spectroscopy Eichrom ACW 10 Thorium-230
Alpha Spectroscopy Eichrom ACWI10 Thorium-232
ICP-OES EFA6UIGD Aluminum
ICP-OES EPA 60100 Boron
ICP-OES EPA 6010D Calctum
ICP-OES ERA 60100 Iron
ICP-OES EPA 6010D Magnesium
ICP-OES EPA 6010D Potassium
ICP-OES EPA 6010D Sodium
ICP-OES EPA 6010D Strontium
ICP-OES EPA 6010D Tin
ICP-OES EPA 6010D Titanim
ICP-MS EPA 60208 Antimony
ICP/MS EPA 60208 Arsenic
ICP/MS EPA 6020B Barium
ICP/MS EPA 6020B Beryllium
ICP/MS EPA 6020B Cadmium
ICP/MS EPA 60208 Chromium
ICP/MS EPA 6020B Cobalt
ICP/MS EPA 6020B Copper
ICP/MS EPA 6020B Lead
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Technology Method Analyte
ICP/MS FPA 60208 Molybdenum
ICP/MS EPA 6020B Nickel
ICP/MS EPA 6020B Selenium
ICP/MS EPA 6020B Silver
ICP/MS EPA 6020B Thallium
ICP/MS EPA 60208 Total Urantium
ICP/MS EPA 60208 v Uranium
ICP/MS EPA 60208 v Vanadium
ICP/MS EPA 60208 Zinc

Mercury CVAA EPA 74718 | Mercury
GC/ECD EPA 80824 Aroclor-1016 (PCB-1016)
GC/ECD EPA 80824 Aroclor-1260 (PCB-1260)
SVOA/PCB Prep SWEA6-35500 v Ultrasonic Extraction
Metals Prep EPA 30508 Acid Digestion of Sediments, Slidges, and soils

Technology Method Analyte
Gamima Spectroscopy EPAYOL.I Actinium-228
Gamma Spectroscopy EPA 901.1 Americium-241
Gamma Spectroscopy EPA 901.1 Antimony-122
Gamma Speciroscopy EPAS0GL T Antimony-124
Gamma Speciroscopy EPA 9011 Antimony-125
Gamma Spectroscopy EPA G011 Antimony-126
Gamma Spectroscopy EPASGLY Arsenic-73
Gamma Spectroscopy EPASGLY Arsenic-74
Gamma Spectroscopy EPAS0L1 Arsenic-76
Gamma Spectroscopy EPA 901.1 Barium-133
Gamma Spectroscopy EPA 9011 Barium-140
Gamma Spectroscopy EPA 901.1 Berylium-7
Gamina Spectroscopy EPA 9011 Bismuth-207
Gamma Spectroscopy EPA 9011 Bismuth-211
Gamima Spectroscopy EPA901.1 Bismuth-212
Gamima Spectroscopy EPA 901.1 Bismuth-214
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Technology Method Analyte
Gamma Speciroscopy EPA901.1 Cadmium-109
Gamma Speciroscopy EPA 9011 Cerum-139
Gamma Spectroscopy EPA 9011 Cerium-141
Gamma Spectroscopy EPA 9011 Cerium-144
Gamma Spectroscopy EPA901.1 Cesmm-129
Gamma Spectroscopy EPA 9011 Cesum-134
Gamma Spectroscopy EPA 901.1 Cesum-136
Gamma Spectroscopy EPA 9011 Cesum-~137
Gamma Spectroscopy EPASOL Chromium-51
Gamima Spectroscopy EPA 9011 Cobalt-57
Gamma Spectroscopy EPA 901 Cobalt-58
Gamma Spectroscopy EPA 901 Cobalt-60

Gamma Speciroscopy

EPASOLI

Gamma Spectroscopy

Furopium-152

tPA N0l

Furopium-154

Gamma Spectroscopy EPA D011 Europium-153
Gamma Speciroscopy EPASOL.1 Gadolinium-~153
Gamma Spectroscopy EPASGL L Gallium-67
Gamma Spectroscopy EPA D011 Gold-196
Gamma Spectroscopy EPA 9011 Gold-198
Gamma Spectroscopy EPA 901.1 Hafnum-181
Gamina Spectroscopy EPA G011 Indium-113m
Gamma Spectroscopy EPA 901.1 Iodine-123
Gamma Spectroscopy EPASGL.] lodine-125
Gamima Spectroscopy EPA 9011 lodine-129
Gamima Spectroscopy EPA 9011 lodine-131
Gamma Spectroscopy EPA 9011 Iridium-192
Gamma Speciroscopy EPASGLT Iron-59
Gamma Speciroscopy EPASGL.1 Lanthanum-140
Gamma Spectroscopy EPA 9011 Lead-210
Gamma Speciroscopy EPA901.1 Lead-212
Gamma Spectroscopy EPAS0L L Lead-214
Gamma Spectroscopy EPA 9011 Lutetium-177
Gamma Spectroscopy EPA 9011 Manganese-54
Gamma Spectroscopy EPA 9011 Mercury-197
Gamma Spectroscopy EPA 9011 Mercury-203
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Technology Method Analyte
Gamma Speciroscopy EPA901.1 Molybdenum-99
Gamma Speciroscopy EPA 9011 Neodymmum-147
Gamma Spectroscopy EPA 9011 Neptunium-237
Gamma Spectroscopy EPA 9011 Niocbum-94
Gamma Spectroscopy EPA 901.1 Niobum-95
Gamma Spectroscopy EPA 9011 Polonium-210
Gamma Spectroscopy EPA 901.1 Potassium-40
Gamma Spectroscopy EPA 9011 Promethium-144
Gamma Spectroscopy EPAQGL ] Promethium-146
Gamima Spectroscopy EPA 9011 Protactinum-234
Gamma Spectroscopy EPA 901 Radum-223
Gamma Spectroscopy EPA 901 Radium-224

Gamma Speciroscopy

EPASOLI

Gamma Spectroscopy

Radum-226

tPA N0l

Radum-228

Gamma Spectroscopy EPA 0L Rubidium-83
Gamma Speciroscopy EPA G011 Rubidium-86
Gamma Spectroscopy EPASGL L Ruthenuim-103
Gamma Spectroscopy EPA QUL Ruthenium-106
Gamma Spectroscopy EPA 901.1 Scandium-46
Gamma Spectroscopy EPA 901.1 Selenium-72
Gamina Spectroscopy EPA G011 Selenium-75
Gamma Spectroscopy EPA 901.1 Silver-108m
Gamma Spectroscopy EPA 9011 Silver-110m
Gamima Spectroscopy EPA 9011 Sodium-22
Gamma Spectroscopy EPA 9011 Strontiuim-85
Gamma Spectroscopy EPA 9011 Tantalum-182
Gamima Spectroscopy EPA 9011 Tellurium-132
Gamima Spectroscopy EPA 9011 Terbum-160
Gamma Speciroscopy EPA 9011 Thallum-208
Gamma Speciroscopy EPA 901.1 Thallium-210
Gamma Speciroscopy EPA 9011 Thorium-227
Gamma Spectroscopy EPA90L.I Thorum-228
Gamma Spectroscopy EPA 9011 Thorum-231
Gamma Spectroscopy EPA 901.1 Thorium-234
Gamma Spectroscopy EPA 9011 Tin-113
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Gamma Spectroscopy

Technology Method Analyte
Gamma Spectroscopy EPA G011 Total NORM Activity
Gamma Speciroscopy EPA 9011 Total NORM GAMMA
Gamma Spectroscopy EPA 9011 Uranium-235
Gamma Spectroscopy EPA 9011 Uranium-238
Gamma Spectroscopy EPA901.1 Xenon-131m
Gamma Spectroscopy EPA 9011 Xenon-133m
Gamma Spectroscopy EPA 901.1 Ytterbium-169
Gamma Spectroscopy EPA 9011 Ytterbium-175
Gamma Spectroscopy EPASOL Yitrium-88
Gamma Spectroscopy ERA G011 Yitrium-91
Gamma Spectroscopy EBA 9011 Zinc-65

EPA90] |

Gamma Speciroscopy

Zirconium-95

HARL 300 GAOL-R

Gamma Spectroscopy

Actinium-228

HARL 300 GAOL-R

Gamma Spectroscopy

Americium-241

HASL 300 Ga-01 R

Gamma Speciroscopy

Antimony-122

HASL 300 GA-O1-R

Antimony-124

Gamma Speciroscopy

HASL 300 GA-OL-R

Antimony-125

Gamma Spectroscopy

HASL 300 GA-0L-R

Antimony-126

Gamma Spectroscopy

HASL 300 GA-OL-R

Arsenic-73

Gamma Spectroscopy

HASL 300 GA-OL-R

Arsenic-74

Gamma Spectroscopy

HASL 300 GA-O1-R

Arsenic-76

Gamma Spectroscopy

HASL 300 GA-O1-R

Barium-133

Gamma Spectroscopy

HASL 300 GA-01-R

Barium-140

Gamma Spectroscopy

HASL 300 GA-O]-R

Beryllum-7

Gamma Spectroscopy

HASL 300 GA-O]-R

Bismuth-207

Gamma Spectroscopy

HASL 300 GA-01-R

Bismuth-211

Gamma Speciroscopy

HASL 300 GA-01-R

Bismuth-212

Gamma Speciroscopy

HASL 300 GA-O1-R

Bismuth-214

Gamma Spectroscopy

HASL 300 GA-01-R

Cadmium-109

Gamma Speciroscopy

HASL 300 GA-01-R

Cerium-139

Gamma Speciroscopy

HASL 300 GA-O1-R

Cerium-141

Gamma Spectroscopy

HASL 300 GA-OL-R

Cermum-144

Gamma Spectroscopy

HASL 300 GA-O1-R

Cesmum-129

Gamma Spectroscopy

HASL 300 GA-O1-R

Cesium-134

Gamma Spectroscopy

HASL 300 GA-01-R

Cesium-136
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Technology

ANSI National Accreditation Board

Method

Analyte

Gamma Spectroscopy

HASL 300 GA-01-R

Cesium-137

Gamma Speciroscopy

HASL 300 GA-01-R

Chromium-51

Gamma Spectroscopy

HASL 300 GA-01-R

Cobalt-57

Gamma Spectroscopy

HASL 300 GA-01-R

Cobalt-58

Gamma Spectroscopy

HASL 300 GA-01-R

Gamma Spectroscopy

Cobalt-60

HASL 300 GA-01-R

Europium-152

Gamma Spectroscopy

HASL 300 GA-01-R

Furopium-154

Gamma Spectroscopy

HASL 300 GaA01-R

Europium-155

Gamma Spectroscopy

HASL 300 GA-OL-R

Gadolinium-153

Gamma Spectroscopy

HASL 300 (GA-01-R

Gamma Spectroscopy

Gallium-67

HASL, 300 GA-01-R

Gold-196

Gamma Spectroscopy

HASL 300 GA-01-R

Gold-198

Gamma Speciroscopy

HARL 300 GAOL-R

Hafnium-181

Gamma Spectroscopy

HARL 300 GAOL-R

Indium-113m

Gamma Spectroscopy

HASL 300 Ga-01 R

Gamma Speciroscopy

Todine-123

HASL 300 GA-O1-R

Iodine-125

Gamma Speciroscopy

HASL 300 GA-OL-R

Todine-129

Gamma Spectroscopy

HASL 300 GA-0L-R

Todine-131

Gamma Spectroscopy

HASL 300 GA-OL-R

Iridm-192

Gamma Spectroscopy HASL 300 GA-01-R Iron-59
Gamina Spectroscopy HASL 300 GA-O1-R Lanthanum-140
Gamma Spectroscopy HASL 300 GA-O1-R Lead-210
Gamma Spectroscopy HASL 300 GA-01-R Lead-212
Gamma Spectroscopy HASL 300 GA-O1-R Lead-214

Gamma Spectroscopy

HASL 300 GA-O]-R

Lutetium-177

Gamma Spectroscopy

HASL 300 GA-01-R

Manganese-54

Gamma Speciroscopy

HASL 300 GA-01-R

Mercury-197

Gamma Speciroscopy

HASL 300 GA-O1-R

Mercury-203

Gamma Spectroscopy

HASL 300 GA-01-R

Molybdenum-99

Gamma Speciroscopy

HASL 300 GA-01-R

Neodymium-147

Gamma Speciroscopy

HASL 300 GA-O1-R

Neptunium-237

Gamma Spectroscopy

HASL 300 GA-OL-R

Niobium-94

Gamma Spectroscopy

HASL 300 GA-O1-R

Niobium-935

Gamma Spectroscopy

HASL 300 GA-O1-R

Polonum-210

Gamma Spectroscopy

HASL 300 GA-01-R

Potassium-40
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ANSI National Accreditation Board

Method
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Gamma Spectroscopy

HASL 300 GA-01-R

Promethium-144

Gamma Speciroscopy

HASL 300 GA-01-R

Promethum-146

Gamma Spectroscopy

HASL 300 GA-01-R

Protactinium-234

Gamma Spectroscopy

HASL 300 GA-01-R

Radmum-223

Gamma Spectroscopy

HASL 300 GA-01-R

Gamma Spectroscopy

HASL 300 GA-01-R

Radium-224

Gamma Spectroscopy

HASL 300 GA-01-R

Gamma Spectroscopy

HASL 300 GaA01-R

Gamma Spectroscopy

HASL 300 GA-OL-R

Gamma Spectroscopy

HASL 300 (GA-01-R

Gamma Spectroscopy

HASL, 300 GA-01-R

Gamma Spectroscopy

HASL 300 GA-01-R

Gamma Speciroscopy

HARL 300 GAOL-R

Gamma Spectroscopy

HARL 300 GAOL-R

Gamma Spectroscopy

HASL 300 Ga-01 R

Gamma Speciroscopy

HASL 300 GA-O1-R

Radium-226

Radium-228%

Rubidium-83

Rubidium-86

Ruthenium-103

Ruthenium-106

Scandium-46

Selenium-72

Selenium-75

Silver-108m

Silver-110m

Gamma Speciroscopy

HASL 300 GA-OL-R

Sodium-22

Gamma Spectroscopy

HASL 300 GA-0L-R

Strontium-83

Gamma Spectroscopy

HASL 300 GA-OL-R

Tantalum-182

Gamma Spectroscopy

HASL 300 GA-OL-R

Telurium-132

Gamma Spectroscopy

HASL 300 GA-O1-R

Terbium-160

Gamma Spectroscopy

HASL 300 GA-O1-R

Thallium-208

Gamma Spectroscopy

HASL 300 GA-01-R

Thalium-210

Gamma Spectroscopy

HASL 300 GA-O]-R

Thorium-227

Gamma Spectroscopy

HASL 300 GA-O]-R

Thorium-228

Gamma Spectroscopy

HASL 300 GA-01-R

Thorum-231

Gamma Speciroscopy

HASL 300 GA-01-R

Thorium-234

Gamma Speciroscopy

HASL 300 GA-O1-R

Tin-113

Gamma Spectroscopy

HASL 300 GA-01-R

Total NORM Activity

Gamma Speciroscopy

HASL 300 GA-01-R

Total NORM GAMMA

Gamma Speciroscopy

HASL 300 GA-O1-R

Urantum-235

Gamma Spectroscopy

HASL 300 GA-OL-R

Uranium-238

Gamma Spectroscopy

HASL 300 GA-O1-R

Xenon-131m

Gamma Spectroscopy

HASL 300 GA-O1-R

Xenon-133m

Gamma Spectroscopy

HASL 300 GA-01-R

Yiterbium-169
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ANSI National Accreditation Board

Method
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Gamma Spectroscopy

HASL 300 GA-01-R

Ytterbuum-175

Gamma Speciroscopy

HASL 300 GA-01-R

Yitrum-88

Gamma Spectroscopy

HASL 300 GA-01-R

Yitram-91

Gamma Spectroscopy

HASL 300 GA-01-R

Zme-65

Gamma Spectroscopy

HASL 300 GA-01-R

Gas Flow Proportional Counter

EPA 900.0 Mod

Zirconium-95

Gas Flow Proportional Counter EPA 9310
Gas Flow Proportional Counter EPA 900.0 Mod
Gas Flow Proportional Counter EPA93 0

Gas Flow Proportional Counter

Eichrom SRWO01

Gas Flow Proportional Counter

HASL 300 Sr-01-RC

Gas Flow Proportional Counter

Pichrom SEWO I

Gas Flow Proportional Counter

HASL, 300 Sr-02.RO

Liguid Scintillation

Bichrom TCWO2

Liguid Scintillation

Ewhrom To R0l

Alpha Spectroscopy

Fichrom ACWO3 VBS

Gross-alpha

Gross-alpha

Gross-beta

Gross-beta

Strontium-89

Strontium-89

Strontium-90

Strontium-90

Technetium-99

Technetium-99

Americium-241

Alpha Spectroscopy

HASL 300 5¢-03

Americium-241

Alpha Spectroscopy

Fichrom ACW03 VBS

Phutonium-238

Alpha Spectroscopy

HASL 300 5e-03

Plutonium-238

Alpha Spectroscopy

Fichrom ACWO03 VBS

Plutonium-239/240

Alpha Spectroscopy

HASL 300 5e¢-03

Phutonium-239/240

Alpha Spectroscopy

Eichrom ACWOE VES

Plutonium-241

Alpha Spectroscopy

HASL 300 5¢-03

Plutonium-241

Alpha Spectroscopy

Eichrom ACWO03 VBS
HASL 300 5e-03

Uranium-234

Alpha Spectroscopy

HASL 300 5e-03

Urantum-234

Alpha Spectroscopy

Eichrom ACWO03 VBS

Uranium-235

Alpha Spectroscopy

HASL 300 5¢-03

Uranium-235

Alpha Spectroscopy

Fichrom ACWO03 VBS

Pranium-238

Alpha Spectroscopy

HASL 300 5¢-03

Uranium-238%

Alpha Spectroscopy Eichrom ACW10 Thorum-228
Alpha Spectroscopy Fichrom ACWIO Thorium-230
Alpha Spectroscopy Fichrom ACWI0 Thorium-232
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CALIFORNIA STATE

RTIFICATE OF ENVIRONMENTAL ACCRED
Is hereby granted to

ARS Aleut International, LLC

2608 North River Road
Port Allen, LA 70767

Scope of the certificate is limited o the
“Fields of Testing”
which accompany this Certificate.

Continued accredited status depends on successful completion of on-site inspection,
proficiency testing studies, and payment of applicable fees.

This Certificate is granted in accordance with provisions of
Section 100825, et seq. of the Health and Safety Code.

Certificate No.. 2785
Expiration Date: 6/30/2021

Effective Date:  7/1/2020

Sacramento, California Christine Sotelo, Chief
subject to forfeiture or revocation Environmental Laboratory Accreditation Program

ED_006787_00025297-00089



CALIFORNIA STATE
ENVIRONMENTAL LABORATORY ACCREDITATION PROGRAM
Accredited Fields of Testing

ARS Aleut International, LLC

Certificate No. 2785

2609 North River Road Expiration Date  6/30/2021
Port Allen, LA 70767

Phone: 2253812991

Primary Acecreditation

Body

Field of Testing: 108 - Inorganic Constituents in Non-Potable Waler

108.013 00t Caicium EPA200.7 {1994 Rev. 44) LA
108.013 002  Magnesium EPAZ007 (1994 Rev. 4 4) LA
108.013 004 Polassium EPA 2007 (1994 Rav £ 4) LA
108.013 006  Sodium EPA 2007 (1994 Rev. 4 4) LA
Field of Testing: 109 - Melals and Trace Elemenis in Non-Polable Water

109.623 001 Aluminum EPA 2007 (1994 Rev. 4 4) LA
109623 006  Boron EPAZ007 {1994 Rev. 4 4) LA
108.623 011 lon EPA 2007 {1994 Rev. 4 4) LA
108623 018 Tin EPA200.7 {1994 Rev. 4 4) LA
109.623 020  Titanium EPA200.7 {1994 Rev. 44) LA
109625 002 Antmony EPA 2008 (1994 Rev. 54) LA
108.625 003  Arsenic EPA 2008 {1994 Rev. 54) LA
109.625 004  Barium EPA 200 8 (1994 Rev. 5 4) LA
109.625 005  Beryium EPA 2008 {1994 Rev. 5.4) LA
108.625 007  Ceadmium EPA 2008 {1994 Rev. 54) LA
109625 008  Chromium EPA 2008 {1994 Rev. 54) LA
108.625 009  Cobalt EPA 2008 {1994 Rev. 54) LA
109625 010 Copper EPA 2008 {1994 Rev. 54) LA
108.625 013 Lead EPA 2008 {1994 Rev. 54) LA
109.825 014 Manganese EPA 2008 (1994 Rev. 54) LA
109625 015  Molybdenum EPA 2008 {1994 Rev. 54) LA
108.625 016  Nickel EPA 2008 {1934 Rev. 5 4) LA
109625 017 Selenium EPA 2008 {1994 Rev. 54) LA
108.625 018 Silver EPA 2008 {1994 Rev. 54) LA
109.625 019 EPA 2008 {1994 Rev. 54) LA
109625 022 Vanadium EPA 2008 {1994 Rev. 54) LA
108.625 023 Zine EPA 200 8 (1994 Rev. 5 4) LA
108.637 001  Mercury EPA 2452 (1874) LA
Field of Testing: 110 - Volalils Crganic Constitusnis in Non-Potable Water

110.040 001 Acelone EPA 6241 LA
110.040 002  Acelonitrie EPA G241 LA
110.040 003 Acrolein EPA 6241 LA
110.040 004  Acrylonitrile EPA 624 1 LA
As of 77172020 | this lisl supersedes all previous lists for this cerlificate number.

Customers: Please verify the current accredilation sianding with the Slate. Page 1of3
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ARS Aleut International, LLC

Certificate No.: 2785
Expiration Date: 6/30/2021

110.040 005  Benzene EPA 6241 LA
110040 006  Bromodichioromethane EPA 624 1 LA
110.040 007 Bromoform EPA 624 .1 LA
110.040 008  Bromomethane (Methy! Bromids) EPA 6241 LA
110.040 010 Cerbon Tetrachloride EPA 6241 LA
110.040 011 Chiorobenzene EPA 6241 LA
110.040 012 Chiorosthane EPA G241 LA
110.040 013 2-Chiorosthylvinyl Ether EPA 624 .1 LA
110040 014 Crlooform EPA 624 1 LA
110.040 015 Chioromethane (Methyl Chioride) EPA G241 LA
110.040 016  Dibromechloromethana {Chiorodibromomethane) EPA 6241 LA
110.040 017 1,2-Dichlorobenzens EPA 6241 LA
110.040 018 1.3-Dichlorobenzene EPA 6241 LA
110.040 019 1.4-Dichlorobenzens EPA G241 LA
110.040 020 1, 1-Dichiorosthane EPA G241 LA
110.040 021 1,2-Dichioroethane EPA G241 LA
110.040 022 1 1-Dichiorosthylene (1,1-Bichloroethens) EPA G241 LA
110.040 023 frans-1 2-Dichlorosthylene {trans- 1,2 Dichlorosthene) EPA 6241 LA
110.040 024 12-Dichloropropane EPA 6241 LA
110.040 025  «is-1,3-Dichioropropylens {cis 1,3 Dichlcrepropene) EPA 6241 LA
110.040 028  trans-1,3-Dichloropropylene {frans-1,3 Dichloroprope EPA 624 1 LA
110.040 029 Ethylbenzene EPA 6241 LA
116.040 031 Methylene Chioride {Dichloromethane) EPA 6241 LA
110.040 032 A-Methyl-2-pentanone (MIBK) EPA G241 LA
110.040 034 1.1,2 2-Tetrachioroethane EPA 6241 LA
110.040 035  Tetrachloroethylene (Tetrachloroethens) EPA G241 LA
110.040 037 Toluene EPA G241 LA
110.040 038  11,1-Trichlorosthane EPA 624 1 LA
110.040 038 1,1, 2-Trichloroethane EPA 6241 LA
110.040 040  Trichlorcethylene (Trichicroethene) EPA 6241 LA
110.040 041 Vinyl Chloride EPA G241 LA
110.040 043 o-Xylene EPA 6241 LA
110.040 045  Treohlorofluoromethane EPA 624 1 LA
110.040 0468 mep-Xylene EPA 6241 LA
110040 047  2-Butanone (MEK} EPA 624 1 LA
Field of Testing: 112 - Radionuclides in Non-Polable Water

112.001 €01 Gross Alpha EPASD00 LA
112,001 002  Gross Bele EPA G000 LA
112.003 001 Total Alpha Radium EPA G030 LA
112.005 001 Radium-226 EPA 9031 LA
Field of Testing: 114 - Inorganic Chemistry of Hazardous Waste

114.140 001 Mercury EPAT4TOA Aqueous Only LA
As of 77172020 | this lisl supersedes all previous lists for this cerlificate number.

Customers: Please verify the current accredilation sianding with the Slate. Page 203
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ARS Aleut International, LLC Certificate No.: 2785
Expiration Date: 6/30/2021

Field of Testing: 116 - Volatile Organic Chemislry of Hazardous Waste
116.080 000 Volatile Organic Compounds EPA 8260 B LA
116.080 120 Oxygenates EPA 8260 B LA

Field of Testing: 118 - Radionuclides in Hazardous Waste

118.010 001 Gross Alpha EPA 9310 Aguecus Only LA
118010 002  Gross Beta EPA 9310 Agquegus Only LA
118.030 001 Redium-728 EPA 9320 Aquecus Only LA

As of 77172020 | this lisl supersedes all previous lists for this cerlificate number.
Customers: Please verify the current accredilation sianding with the Slate. Page 3of3
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